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INTRODUCTION 
Soil scientists have generally accepted it as an estab­
lished fact that, in many soils, aggregation influences plant 
growth and nutrient uptake. This influence on plant develop­
ment, however, is not always a direct effect, and usually it 
is found to be related to oxygen and/or carbon dioxide con­
centration in the soils or water infiltration through the 
soils. 
Soil aggregates have been studied by soil physicists to 
compare the effect of aggregate sizes on the different physi­
cal properties in dry soils (Wittmuss and Mazurak, 1958). 
But very few studies have been carried out to obtain informa­
tion about the various chemical properties in the different 
aggregate sizes in undried soils, and the effect of various 
sized aggregates on nutrient uptake by plants. 
In the works that have been conducted to study the effect 
of soil aggregation on nutrient uptake by plants very little 
has been done using natural soil aggregates, and none has been 
conducted using undried natural soil aggregates. 
The objectives of this work were to study the chemical 
and physical properties of the different sized aggregates of 
different Iowa soils under field moist condition, to determine 
if K availability to plants was influenced by the size or 
other properties of undried natural soil aggregates, and to 
evaluate these chemical and physical properties in the four­
teen soils used in this investigation. 
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LITERATURE REVIEW 
Soil Aggregate Studies-^ 
Few studies had been carried out to obtain information 
about nutrient availability in the various sized aggregates 
of soils. 
The physical and chemical properties of soil aggregates 
from a Sharpsburg silt clay loam (a Brunizem soil) were 
studied by Wittmuss and Mazurak (1958). After passing the 
air-dried soil through a 3/8 inch sieve, aggregates with dia­
meters 4.67 to 2.38, 2.38 to 1.19, 1.19 to 0.59, 0.59 to 
0.297, 0.297 to 0.149, and 0.149 to 0.074 mm were separated 
by sieves. Aggregates 0.074 to 0.037 and 0.037 to 0.0185 mm 
in diameter were separated by elutriators using methyl alco­
hol as the fluid. By analyzing each of these aggregate sizes 
they concluded that the chemical properties of the soil usu­
ally do influence and are associated with the physical proper­
ties. Aggregates of diameters larger than 0.149 mm were rather 
similar chemically, but percent organic matter, percent total 
N and available P were found to be slightly higher in the 
smaller aggregates than in the larger ones. In the aggregate 
fractions 0.074 to 0.037 mm and 0.037 to 0.0185 mm in diameter 
values of percent organic matter, percent total N content, 
cation exchange capacity, and exchangeable H were lower, 
whereas the values of available P and exchangeable Ca were 
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higher than those of larger diameters. All chemical values, 
except exchangeable H were higher in the aggregates less than 
0.0185 mm in diameter than for any other fraction. They at­
tributed these higher values to the solvent effect of methyl 
alcohol. 
The distribution of organic carbon in the various sized 
aggregates within one soil was studied by Metzger and Hide 
(1938). Aggregate analyses were made by using Cole and 
Edlefsen soil tubes on surface soils from field plots support­
ing various crops (corn, kafir and sorghum). By this method 
of aggregate analysis only a relative size separation could 
be done. They found that the more aggregated fraction (larger 
aggregates) of the soil contain significantly more organic 
carbon than the less aggregated fraction. Ultimate particle 
size in the various sized groups of aggregates was quite simi­
lar. The higher organic carbon contents in the larger aggre­
gates were explained on the basis of aggregate formation and 
the importance of organic matter in binding the soil particles. 
Verma (1963) studied the effect of various physical treat­
ments on the exchangeable K in undried Marshall subsoil. The 
exchangeable K values (NH^OAc extraction) increased from 37 
ppm K in the uncrushed core sample to 43 ppm K by screening 
to particles less than 2 mm in diameter and as high as 63 
ppm by puddling in water. However, PettiJohn (1965) by study­
ing the same phenomenon concluded that crushing undried soil 
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aggregates did not increase the amount of exchangeable K sub­
sequently extracted with NH^OAc. 
The heterogeneity of the soils in regard to the K content 
under different conditions was studied by Pettijohn (1965). 
By determining the exchangeable K in different aggregate sizes 
(larger than 9, 9-5, 5-3, 3-2, 2-1, and 1-0.5 mm in diameter) 
of 12 undried soils from Iowa (the same soil samples were in-
d uded in the study reported in this thesis,) he concluded 
that there was no essential difference in the amount of K ex­
tracted from the different sized aggregates of any one soil. 
Root penetration into the soil, which is essential for 
nutrient uptake by the plants, is related to the bulk density 
of the soil. High bulk density hinders root penetration. 
Veihmeyer and Hendrickson (1948) used different soils, rang­
ing from clay to sandy soils to study the influence of soil 
compaction on the penetration of sunflower roots through the 
soils. The different soils were packed in a number 2 friction-
top can with a constant volume. Some samples of each soil 
were moistened with a spray of water from an atomizer, the 
soil being stirred while water was being applied. The soil 
samples were then tamped into the can, a little at a time, un­
til compacted to a predetermined volume. When the tamping 
was completed, the surface of the soil was covered with a thin 
layer of wax, made of 80% paraffin and 20% petrolatum, in order 
to water the soil above the seal without changing the moisture 
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content below the wax. From 120 to 220 g. of loose soil was 
placed on the wax seal, watered, and planted with sunflower 
seeds. After the sunflowers were grown until 4 to 6 inches 
tall the cans were cut in half longitudinally with a hack saw, 
and samples of soil were taken for moisture and specific 
gravity determinations. No roots were found at densities of 
1.9 or above. In general, when the density was 1.7 to 1.8, 
there was likewise no root penetration. On the other hand, 
there was no root penetration into the clay soils when the 
density reached values of 1.6-1.7, and the lowest density, 
1.46, into which roots failed to penetrate was obtained with 
Aiken clay loam. From their studies they concluded that the 
threshold densities above which sunflower roots did not enter 
a soil seemed to be about 1.75 for sandy soils and varied from 
about 1.46 to 1.63 for clay soils. 
Wiersum (1962) conducted an experiment to study the influ­
ence of the size of the aggregates in the substrate upon which 
the plant grew on plant growth, root development and nutrient 
uptake. He studied the uptake of N and P by different plants 
because of the contrary behavior of the anions of these ele­
ments in the soil. In order to have indestructible and im­
penetrable aggregates, gravel of different sizes made from 
pieces of tile drainpipes or porous flowerpots fractioned in­
to different sizes, which were previously soaked in Hbagland*s 
solution, were used as a medium to simulate soil aggregates to 
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support the plants. The very coarse aggregates had sizes in 
excess of 1 cm., while the very fine fraction was smaller than 
1 mm. in diameter. The plants growing on the small aggregates 
had finer root systems. And, from the plants analyses for N 
and P, it was found that tomato plants, rye,sunflower and wheat 
from the fine aggregates had higher percentages of P than they 
did from the coarse ones, therefore the % N/% P ratio was 
lower in plants grown on the fine aggregates as compared to 
that from those grown on the coarse aggregates. 
By using a modified Neubauer technique, Domsch (1955) 
studied the influence of the size of soil aggregates on growth 
and nutrient absorption by plants. A portion of each of six 
airdried subsoil samples were passed through 2 mm sieve and 
cropped with rye. Another portion was cropped without sieving. 
It was shown that rooting and uptake of K and P were greater 
by the plaints grown on the sieved soils. 
Verma (1963) used two aggregate sizes, 5-3 mm and 1-0.5 mm 
in diameter, of an air-dried, rewetted Nicollet surface soil, 
to study the influence of aggregate size on K uptake by corn 
plants. A 50 g. portion of each aggregate size was cropped 
for 15 days. Another 50 g. portion of each group of aggregates 
was crushed to less than 0.5 mm in diameter before similar 
cropping. The total dry matter yield (roots and tops) was 
8.088 g. from the 5-3 mm uncrushed aggregates versus 9.152 g. 
from these aggregates after they had been crushed. The dry 
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matter yield from uncrushed 1-0.5 mm in diameter aggregates 
was 7.876 g. versus 7.911 g, from these aggregates after they 
had been crushed. The effect of crushing the aggregates was 
more noticeable on the K absorption by the plants. Soil K 
absorption in the roots and tops was as followed: 10.83 mg. 
K (217 ppm K on a dry soil basis) from the uncrushed 5-3 mm 
aggregates versus 12.16 mg. K (244 ppm K) from the 5-3 mm 
aggregates that had been crushed; and 7.07 mg. K (142 ppm K) 
from the uncrushed 1-0.5 mm aggregates versus 8.64 mg. K (174 
ppm K) from the 1-0.5 mm aggregates after they had been crushed. 
According to PettiJohn (1965) the two aggregate sizes 
which were used by Verma (1963) were obtained from two differ­
ent sources. Apparently the aggregates 5-3 mm in diameter 
were obtained from a fertilized plot of Nicollet soil, while 
the 1-0.5 mm aggregates were obtained from non-fertilized plot 
of Nicollet soil. Therefore, these two sized aggregates had 
different exchangeable K contents. However, Verma (1963) 
showed that crushing each of these air-dried rewetted aggre­
gate sizes to less than 0.5 mm in diameter before cropping 
caused an increase in K uptake by the plants as compared to 
the corresponding uncrushed aggregates. 
To study the extent of diffusion of different ions in soils 
Tepe and Leidenfrost (1958)^ conducted an experiment to study 
^Handout sheet translated by Dr. C. A. Black for the 
course of Agronomy 655. 
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the movement of different ions from a loam soil into a mixed 
bed of H-saturated cation-exchange resin and a bicarbonate-
saturated anion-exchange resin. The resin was placed in a 
dialysis tube 18 mm in diameter and the soil was packed around 
the tubes in layers of different thickness. The soil and ex­
change unit were then saturated with water. From their ex­
periment, they found that K ions moved to the exchange resin 
from a distance of about 10 mm away from the surface of the 
exchange unit. For H2PO4 ions this distance was found to be 
less than 3 mm, whereas for NO3 ions, movement was more than 
20 mm in the soil used in this study. 
Coatings of soil aggregates may have some influence on 
plant growth and nutrient absorption. Soileau ejt al. (1964) 
ground a commercial New York Green Shell, containing 85% il-
lite, to 60 mesh. This material was wetted and dried and 
then broken into aggregates of 2 to 5 mm in diameter, and 
stabilized with 2.5% polyacrylate solution. These aggregates 
were then coated with Pe-kaolinite. They grew wheat in a 
sand culture with six replicates and four treatments in a 
randomized block design in a growth chamber, with 16 hour days 
at 1200 foot-candles. Day temperature was 24 C. and night 
temperature was 18 C. The four treatments were as followed: 
1) Illite aggregates uncoated without added K. 2) No illite 
(sand culture) without added K. 3) No illite (sand culture) 
with 6 me/l. added K. 4) Coated illite aggregates in a sand 
mixture without added K. 
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They found that plant growth and K uptake were restricted 
in the presence of Fe-kaolinite coating on K rich illite ag­
gregates as compared to plants grown on aggregates without 
coatings. Moreover, the presence of the coatings resulted in 
an appreciable increase in Ca and Mg accumulation by the plants. 
Photographs of wheat root-aggregate associations revealed in­
timate surface contact between the two with some penetration 
and disruption of the aggregates by the wheat roots, both in 
coated and uncoated aggregates. 
Soil K and Plant Growth 
The ability of a soil to supply K to a plant depends on 
many factors among which are, the activity of K ion in the 
soil solution and the rate of replacement from less available 
forms of K ions which are absorbed by the plants (MacKay and 
MacEachem, 1962). 
Wiklander (1954) recognized four categories of K in the 
soil which vary in their degree of availability to plants: 
1) soluble K present in low concentration in the soil solu­
tion. It is in equilibrium with exchangeable K and both forms 
are usually included when reporting values for the latter. 
2) Exchangeable K which is rapidly replaceable by other ca­
tions. This category is to some extent arbitrary in that the 
quantity exchanged will depend on the nature, pH value and 
concentration of the extracting solution and also on the nature 
of the exchange complex. 3) Fixed K which is so firmly bound 
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as not to be readily replaceable, it consists mainly of K 
held in the interlayer portion in the mineral crystal and is 
often included with lattice K. 4) Lattice K which forms the 
major part of soil K, is associated with the K-bearing pri­
mary and secondary minerals and is not available to plants 
except in so far as it is released during weathering. How­
ever, by using muscovite, illite and verraiculite Scott e^ al. 
(I960) have shown that most of the fixed K (nonexchangeable 
K) can be removed by NaOAc-NaBPh^ extracting solution in a 
long extracting period. They also extracted K over a period 
of 60 days, with the same extracting solution, from Payette 
silt loam and Carrington silt loam surface soils and found 
that these soils differ in their ability to continue to re­
lease nonexchangeable K over a long period of time. The 
Payette soil released 1.1 me K per 100 g. soil, whereas the 
Carrington soil released only 0.4 me K per 100 g. soil. They 
concluded that the results obtained on these soils were con­
sistent with the differences observed in their K-supplying 
power. 
Another term of K chemistry for soils was introduced by 
Haylock (1956). He found that after removing the exchangeable 
K by soaking with N/10 HNO3 then extracting the soil re­
peatedly with boiling N HNO3, a reasonably constant rate of K 
release was reached after three to four extractions. The 
total amount extracted by this means in excess of the constant 
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rate was termed Step K. It was found by extracting the soils 
over a range of soil to acid ratios, with and without added 
K"*", and Ca"*"*", that the magnitude of the constant rate 
of extraction was dependent on the ratio of soil to acid and 
on the presence of added cations. However, the K extracted 
in the excess of that rate was found to be nearly independent 
of this ratio and the added ions. 
Haylock (1956) conducted an experiment to study the re­
lationship between K uptake and "step K" in the soil. He 
cropped six New Zealand soils with Italian ryegrass for 15 
months and found, besides the exchangeable K absorption by 
the plants, there was some uptake of nonexchangeable K equiva­
lent to approximately 1/3 of the "Step K" for all soils. When 
he extracted the cropped soil with N HNO3 a reduction in the 
"Step K" was found, but no change was observed in the "con­
stant rate K". In order to find the sources of nonexchange-
able K that were available to plants, he separated the soils, 
before and after cropping into clay, silt, fine sand and 
coarse sand. These separates were extracted 5 times with 
N HNO3 after saturation with H ions. It is found that 90% 
of the K taken up by the ryegrass came from the "Step K" of 
the clay fraction, 8% from the "Step K" of the silt fraction, 
and the remaining 2% from the fine sand. 
Stanton and Orchard (1964) conducted an experiment to 
study the aspect of the changes in the equilibrium between 
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different forms of K in soil after removal of a large part 
of the exchangeable K by Japanese millet seedlings, grown in 
Neubauer type dishes in a rapid succession of short term 
crops. Pour hundred grams of each of six top soils from Natal 
was used in each dish in the greenhouse. Sixty millet plants 
were grown in each dish and N, P, Ca, Mg and a complete micro-
nutrient solution were added to each pot to avoid a deficiency 
of these elements. The experiment was carried in a randomized 
block design. After 20 days from sowing, watering ceased and 
soil moisture was allowed to drop to about 7%. On the twenty 
first day all dishes were harvested by cutting plants at soil 
level. Roots were recovered by screening and washing to re­
move adhering soil. Exchangeable K (NH^OAc extraction) was 
determined after cropping on the soil at about 7% moisture. 
All the six soils which were used in this investigation re­
vealed a similar pattern. They concluded that the exchange­
able K was the intermediate source on which plants drew for 
their requirements and the depletion of this K was followed 
by replenishment from other categories of soil K. The so-
called "Step K" was considered to be the main secondary source. 
In the recent years extensive studies have been carried 
out, using alfalfa and corn in the field and millet in the 
greenhouse to determine the relation between crop response 
to added K and exchangeable K in the soils of the North Cen­
tral region of the United States. The results agreed with 
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other studies of Luebs ^  al. (1956), in showing that the 
availability of K to plants was more highly correlated with 
exchangeable K extracted from field moist soils than from 
soil samples that were air-dried at room temperature or oven-
dried before K extraction (Hanway e^ âi* » 1961; Hanway e^ al., 
1962; and Barber et al., 1961). 
Schulte and Corey (1965) grew ryegrass on three kg. 
(oven-dried soil) of nondried soils fertilized with a minus K 
nutrient solution. The total amount of K extracted by the 
plants in eight cuttings was the maximum amount of K that 
could be extracted under the condition of their experiment. In 
order to compare Na-BPh^ extraction of K with an NH4OAC ex­
traction, they extracted K from nondried and dried samples. 
Exchangeable K (NH^OAc method) extracted from nondried samples 
was found to be more closely correlated with plant available 
K (r = 0.971) than was exchangeable K extracted from dried 
samples (r = 0.788). In the undried soils the linear corre­
lation between the plant available K and the K extracted was 
slightly higher (r = 0.991) by using Na-BPh^ than by using 
NH4OAC (r = 0.971). 
This search of the literature indicates that few studies 
have been conducted to determine the effect of soil aggrega­
tion on nutrient uptake by plants. In the studies that were 
conducted very little has been done using natural soil ag­
gregates, and none has been conducted using undried natural 
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soil aggregates, although drying has been shown to change 
the physical properties of soil aggregates and nutrient avail­
ability, especially K availability, in soils. 
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yiATERIALS AND METHODS 
Soil samples were collected in June and July, 1964 from 
different sites in Iowa. These sites were selected to re­
present different soil types and to provide aggregates with 
very different physical and chemical properties. All sites 
selected were in areas covered with grass and had not been 
cultivated, at least for several years. Each sample consisted 
of approximately 100 pounds of soil removed with as little 
disturbance of the soil as possible. Each sample was placed 
in a heavy plastic bag which had been inserted in a garbage 
can to prevent drying of the soil sample. These cans of soil 
were stored in the sub-basement of the Agronomy building un­
til samples had been collected from all sites. 
The sources of the samples together with the letter 
designation used to identify each sample in this study are 
reported in Table 1. These letter designations are used 
throughout this thesis except in Figure 2. For a complete 
description of the different soil types see Oschwald £t al. 
(1965). 
The undried soil samples were separated into portions 
with aggregates greater than 9.0, 5 to 9, 3 to 5, 2 to 3, 1 
to 2, 0.5 to 1 and less than 0.5 mm in diameter using a mechan 
ical sieving aparatus built by the Agricultural Research 
Service, Beltsville, Maryland. This sieving aparatus consists 
of concentric cylinders which rotate on an inclined plane. 
Table 1. Location of the soils sampled for this study and other relevant information 
Soil Depth in % moisture 
desig- Soil profile, Date of when potted 
nation name County Location inches sampling in greenhouse 
A Adair surf. Keokuk Vaughn White farm 0-11 July 23, 64 11 
® Adair Sub. f t  t t  t i  12-24 n 11 14 
C Clinton surf •Keokuk Lester Smith farm 1-11 i l  i l  11 14 
© Clinton Sub. t t  t i  11 13-24 t t  11 ri 17 
® Bdina Sub. Davis Southern Iowa Bxpt. 
farm 
15-23 July 10, 64 25 
G Grundy surf. Ringgold Beaconsfield 0-10 II II II 27 
© Grundy sub. M tî t t  15-26 II n II 23 
® Hayden sub. Story 16-24 July 24, 64 14 
K Kenyon surf. Buchanan Carrington Clyde 
farm 
1-10 June 7, 64 16 
L Luton surf. Woodbury Luton field 1-15 July 20, 64 21 
M Marshall surf.Page Soil conservation 
farm 
0-10 July 10, 64 22 
Marshall sub Page t t  II 10-18 V f> I t  24 
W Webster surf . Story Old Agron. farm 0-10 June 26, 64 22 
® Webster sub. Story H  I I  12-20 11 11 11 20 
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Openings of 9, 5, 3, 2, 1, and 0,5 mm in diameter in the suc­
cessive cylinders separate the different aggregate sizes as 
the soil sample passes slowly through the machine. Each sam­
ple of aggregates was placed in plastic bags to prevent dry­
ing. Because the samples of 0.5 to 1 and less than 0.5 mm 
aggregates were small, only the first five aggregate sizes 
were used in this study. 
In the greenhouse, rings 1.25 inches in depth and about 
5.35 inches in diameter were made from cardboard. These rings 
were placed on tables covered with plastic sheets, and filled 
to a depth of 1 inch, with fine silica sand. On August 22, 
1964, ryegrass (Lolium multiflorum) seeds (about 0.8 g.) were 
distributed uniformly on the surface of the sand, then covered 
with a thin layer of sand, and 100 ml. of nutrient solution 
minus K (Hoagland and Arnon, 1950) was added to the sand in 
each ring. Another 100 ml. of nutrient solution was added 
after 2 weeks. The rings were watered with deionized water 
when needed. 
Number 10 tin cans lined with double polyethylene bags 
were used as greenhouse pots. Enough fine silica sand was 
added to each can to make the weight of the can and sand equal 
to 7 pounds. A small tube, about 7-8 inches in length, cut 
from regular l/2 inch diameter, plastic garden hose was placed 
in the center of each can to a depth of about 1/2 inch from 
the bottom of the can. Undried soil aggregates (equivalent 
to 500 g. on an oven dried basis) were added to each can. On 
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September 12, 1964, a ring containing the ryegrass plants was 
then transferred to each can on the top of the soil, and the 
cardboard ring surrounding the sand removed. Each soil ag­
gregate size was replicated three times. Except as indicated 
otherwise in Table 2, 20 ml. of nutrient solution containing 
6 mg. P as Ca(HP04)2 and 6 0 mg. N as was added 
through the tube to the sand layer belov/ the soil as needed, 
Deionized water was added to the surface of the pots to keep 
the soils in field moist condition. The cans were weighed 
periodically to adjust the amount of water added. 
After potting the soils another portion of each aggregate 
size from every soil was taken for laboratory analysis. A 
subsample of this sample was placed in a polyethylene poultry 
bag and stored in the freezer in the locker plant in Ames, 
Iowa, from September 1964 to April 1965. Exchangeable K was 
determined on the soils after the 7 months of freezing. 
Plants were harvested on the dates shown in Table 2 by 
cutting about 1 inch above the sand surface. After the third 
cutting the sand and soil were removed from one replicate of 
each aggregate size for chemical analyses. The sand and roots 
in the sand from the top and bottom of each pot were stored 
in a polyethylene poultry bag prior to laboratory analyses. 
After the third cutting all the plants became yellow, 
indicating a severe nutrient deficiency. At this stage 20 ml. 
of micronutrient solution containing 57.2 mg. H3BO3, 36.2 mg. 
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Table 2. Date of nutrient addition and harvests 
Date Harvesting and soil Applied nutrient(s) 
sampling 
Sept. 12, 1964 Ring of ryegrass plants placed 
on soil 
Sept. 21 N,P 
Oct. 7, 1964 N, P 
16, 1964 First harvest 
25, 1964 N, P 
Nov. 2, 1964 N, P 
8, 1964 N, P 
14, 1964 Second harvest 
17, 1964 N, P 
22, 1964 N, P 
29, 1964 N, P 
Dec. 3,. 1964 N, P 
10, 1964 N, P 
20, 1964 N, P 
24, 1964 Third harvest, sand and soil 
was removed from one replicate 
of each aggregate size for 
chemical analysis. 
27, 1964 N, P 
Jan. 4, 1965 N, P 
13, 1965 N, P 
20, 1965 N, P 
26, 1965 N, P 
Feb. 5, 1965 N, P 
10,1965 (to the top, all pots)N, P 
12, 1965 K as ECl (in the tube)^ 60 mg 
16, 1965 20 ml. complete micronutrient soluticn^ 
21, 1965 K as KCl (to the top)® 60 mg 
27, 1965 Fourth harvest 
Mar 1, 1965 The soils were repotted and seeded 
10, 1965 N, P 
13, 1965 (3 mg P on the top) 30 mg N, 
26, 1965 N, P 
^Added only to pots of aggregate size number 3(3-5 mm) 
of the second replicate. 
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Table 2. (Continued) 
Date Harvesting and soil Applied nutrient(s) 
sampling 
April 10, 1965 
16, 1965 
27, 1965 
Fifth harvest 
N,P 
N,P 
May 4, 1965 
12, 1965 
19, 1965 
23, 1965 
(as C^(HP0^)2,to top 
Sixth harvest 
30 mg 
12 mg 
12 mg 
K(as KCl)^ 
P 
S (as KgSO^)^ 
MnC1^.4HgO, 4.4 mg. ZnSO^.TH^O, 1.6 mg. CuSO^.SH^O, and 0.4 
mg. HgMoO^.HgO and 20 ml. solution containing 60 mg. K (as 
KCl) were added through the tube of the second replicate of 
the 3-5 mm aggregate size of each soil. None of these ele­
ments corrected the deficiency and many of the plants died. 
Therefore, all of the plants were harvested on February 27, 
1965. The soils were repotted, using clean sand, and reseed-
ed. In order not to uncover the seeds, the pots were watered 
by using a washbottle for the first week. The new crop was 
green and normal until after the first subsequent harvest on 
April 10, 1965, when the plants were yellowish again and had 
the same symptoms as appeared prior to the fourth cutting, be­
fore repotting the soils. At this stage 12 mg. S as K2SO4 
was added to the second replicate of the 3 to 5 mm aggregates 
of each soil, (the same pot which received the other treat­
ments prior to the fourth cutting). Within one week the 
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plants in these pots were green and normal. Since most of 
the plants in the other pots had died, all pots were harvested 
(sixth harvest) and about 100 g. soil was removed from the 
second replicate for laboratory analyses. The second and the 
third replicates were reseeded to continue studying K and S 
availability in these soils. Therefore, no attempt was made 
to obtain samples of roots and sand for analyses as had been 
done after the third harvest. 
Chemical Analyses 
Plant analyses 
After each harvest the plant materials were dried in an 
oven at 65°C. for at least 48 hours, weighed and ground in a 
Wiley mill using a 40 mesh screen. N, P and K were deter­
mined on a 0.5 g. sample of the plant material by a wet ash­
ing procedure. The plant material was digested by boiling 
for 24 hours in concentrated H2S0^ with Cu as a catalyst. 
Nitrogen in the diluted digest was determined by adding 5N 
NaOH to an aliquot of the digest, steam distilling, catching 
the NH3 released in boric acid and titrating. Phosphorous 
was determined colorimetrieally on an aliquot of the digest 
using a vanadomolybdate procedure. Potassium was determined 
by using a flame photometer. 
Root analyses 
After separating the roots from the sand as will be 
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described under Sand analysis, the roots and the stubble 
were put into l/2 pound paper bags and dried at 65°C. Each 
root and stubble sample was then put into a 100 ml. beaker 
and burned after adding 1 ml. of 5% H^SO^ in ethanol. The 
sample was then ashed in the muffle at 450°C. for four hours. 
After cooling to room temperature, 25 ml. of 3N HCl was added 
to each beaker and the samples were heated on a steam plate 
for about one hour. The solutions were filtered through 
Whatman no. 12 folded filter paper and washed several times 
with deionized water. The final volume was made up to 100 
ml. and an aliquot of this was diluted for K determination. 
The total K present in the roots and the stubble was calculated. 
Soil analyses 
1. Exchangeable K determination: Duplicate samples of 
12 to 14 g. of undried soil aggregates were weighed accurately 
and placed into 125 ml. Erlenmeyer flasks. Simultaneously 
duplicate samples of the aggregates were weighed and dried in 
an oven at 105®C. for 24 hours for moisture determination. 
Twenty five milliliters of neutral IN NH^OAc was added to 
each flask, and the flask shaken for 30 minutes on a wrist-
action shaker, then filtered in a Buchner funnel under suction 
by using Whatman no. 42 filter paper. The soil in the funnel 
was then leached twice with 25 ml. NH^OAc. The leachate was 
made up to 100 ml. with NH^OAc. Potassium was determined in 
the leachate using an EEL flame photometer, and expressed on 
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the basis of the oven-dry soil. 
2. Organic carbon was determined in the soils by using 
Mebius*s method (I960). About 0.3 to 0.5 g. air-dried (less 
than SO mesh) soil sample from each aggregate size of every 
soil was weighed accurately and placed in a 125 ml. Erlenmeyer 
flask; 10.00 ml. of 0.50 N solution was added, follow­
ed by 15 ml. of concentrated HgSO^. The flasks were connected 
to a reflux condensor and brought to a boiling temperature on 
an electrically heated device. After boiling for 30 minutes, 
the heaters were turned off and an asbestos pad was inserted 
between the heaters and the flasks to facilitate cooling. 
After cooling for about 15 minutes, the insides of the con-
densors were rinsed with water into the flasks and the flasks 
were detached from the condensors and allowed to cool to room 
temperature. The solution was then titrated with Mohr*s salt 
solution by using about 0.3 ml. of an indicator solution just 
before titration (the indicator solution was made of 0.1 g. 
of N-phenylanthranillic acid and 0.1 g. of NagOOg in 100 ml. 
of water). With each five soil samples boiled and unboiled 
blanks were included. Percent organic carbon present in each 
soil aggregate size was calculated. 
3. Soil pH and phosphorus determination were carried 
out by the staff of the Soil Testing Laboratory of Iowa State 
University, Ames, Iowa. Soil pH was determined with a glass 
electrode pH meter using a 1:2 soil:water ratio. Phosphorus 
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availability in the soil was estimated by extracting with 
Bray*s dilute acid reagent (0.03N NH^F + 0.025N HCl) using 
1:10 soil :solution ratio, and phosphorus in the extract was 
determined colorimetrically by the method of Laverty (1963). 
Sand analysis 
Each sample of sand was divided into four portions. Each 
portion was placed in a 1 liter beaker, deionized water was 
added and thoroughly stirred. The roots and the stubble were 
collected on a glass rod and saved in a 100 ml. beaker. The 
water was decanted into a 2 liter volumetric flask. This pro­
cedure was repeated three times on each portion of the sand 
until about 2 liters of solution were collected from each 
original sand sample. The extract was made up to volume by 
adding deionized water. After taking a 100 ml. aliquot for 
K analysis, the rest of the 2 liters volume was passed through 
a 1 mm sieve, and the roots separated by this step were added 
to the beaker containing roots and stubbles which were col­
lected previously. A portion of the 100 ml. aliquot was fil­
tered through Whatman no. 12 folded filter paper, and K de­
termined in the filtrate. Total K in each sandbag was cal­
culated. 
Physical Analyses 
Mechanical analyses were made according to the pipette 
method of Kilmer and Alexander (1949): 10.0 g. portions of 
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an oven-dried soil from each aggregate size were placed in 
250 ml. baby nursing bottles- To each bottle about 100 ml. 
water, 5 ml. of 1% acetic acid and 5 ml. H2O2 (technical 
grade) were added. The bottles were covered with watch-
glasses and placed under the hood for about 30 minutes. The 
bottles were then placed on a hot plate and heated until the 
dark color of the organic matter disappeared. Then the tem­
perature was raised and the samples were boiled for 5 minutes 
to remove the excess H2O2. 
After the samples had been boiled, 10 ml. of dispersion 
agent (38 g. Calgon and 8 g. Na2C0g dissolved in one liter of 
distilled water) was added to each sample and brought to about 
150 ml. volume with distilled water. The bottles were then 
stoppered and placed on a shaker for 12 hours. 
After the shaking the bottles were removed from the 
shaker and the contents were transferred to numbered 1000 ml. 
cylinders. All soil particles adhering to the bottles and 
the stoppers were washed into the cylinders. The final vol­
umes were then made up to 1000 ml. with distilled water at 
room temperature. 
The contents of each cylinder was stirred and after the 
lecessary settling time for the < 2 jj and the 2-20 jx fractions, 
25 ml. samples were taken with an automatic pipette. The 
samples were transferred from the pipette into 50 ml. beakers. 
After all the samples had been taken the contents of each 
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cylinder was washed through a 50 jp sieve and the sand remain­
ing on the sieve was transferred into a 50 ml. beaker. All 
the beakers were dried in an oven at llO^C. for 24 hours and 
then cooled in a desiccator. By knowing the accurate weight 
of the empty beaker and the beaker plus its content, the weight 
of each fraction was determined. The percentages of clay, 
fine silt, coarse silt and sand were calculated. 
Ease of penetration 
Only the large aggregate size, larger than 9.0 mm, was 
used to measure the ease of penetration by using a "precision" 
penetrometer manufactured by Precision Scientific Co., Chicago, 
Illinois, U.S.A. To prevent the aggregate from breaking when 
the penetrometer entered the aggregate, undried aggregates 
of this size of each soil were cast in patching plaster in­
side a small (40 ml.) paper cup, leaving the top side of the 
aggregate uncovered by the plaster. After setting overnight 
to allow the plaster to become hard, the soil was saturated by 
adding a few drops of water to the exposed side of each aggre­
gate. 
A 100 g. weight was used on the top of the penetrometer. 
The distance between a constant height of the penetrometer 
needle and the surface of the aggregate was measured by re­
leasing the needle and slowly lowering it to reach the soil 
surface (about 2.3cm.). Then the needle was raised and re­
leased to drop on the same point and the ease of penetration 
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was measured by subtracting the distance between the surface 
of the aggregate and the tip of the needle before dropping 
from the reading after dropping. The higher this value the 
greater was the ease of penetration or the lower the resist­
ance to penetration. More than three readings were taken for 
each soil. 
Aggregate bulk density 
Large mouthed (about 23-24 ml.) pycnometers of the type 
used for specific density measurement of drying oils and road 
materials were used for the aggregate bulk density determina­
tions. Because of the difficulty of adequately coating the 
aggregates with wax, to prevent water absorption by the ag­
gregates, and using water to find the volume of the different 
sized aggregates, oven-dried glass beads no. 100 (0.203 mm 
in diameter) were used. By completely filling the pycnometer 
with oven-dried glass beads with tapping and leveling the sur­
face even with the top of the pycnometer, a fairly constant 
weight was reached. The volume of the pycnometer was deter­
mined by filling it with water at a constant temperature. 
Knowing the volume and the weight of the glass beads the den­
sity was calculated. The density of the glass beads was 1.52 
g. per cc. Then after placing a sample of known weight of 
each oven-dried aggregate inside the pycnometer, the glass 
beads were used to fill the pycnometer and by weighing, the 
volume of the soil aggregates was determined. The density of 
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the soil aggregates was determined from the volume and oven-
dried weight of the sample. The soil and glass beads were 
oven-dried at 110°C. for 24 hours, then kept in a desiccator 
to cool before being placed in the pycnometer. 
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RESULTS AND DISCUSSION 
Properties of the Soils 
The chemical and physical properties of the different 
aggregates from the seven surface soils and the seven subsoil 
samples at the beginning of this study are reported in Ap­
pendix Table 6. There was a wide range of values between 
soils for each of the different soil properties, but rela­
tively little, and in most cases no consistent or marked dif­
ferences in the properties of the different sized aggregates 
from any one soil. Therefore, the average values for all ag­
gregates from each soil are reported in Table 3. Because cer­
tain characteristics of surface soils tended to be different 
from those of the subsoils, the data are grouped to show these 
differences. 
Exchangeable K varied from 36 to 538 ppm in the surface 
soils and from 19 to 75 ppm in the subsoils. Variation in 
exchangeable K between different aggregate sizes in any one 
soil was generally small and showed no consistent trend as­
sociated with aggregate size. These results agree with those 
obtained by Pettijohn (1965) on 12 of the soil samples used 
in this study. 
Freezing the soil aggregates for seven months had very 
little effect upon exchangeable K in most of the soils. Ex­
changeable K tended to be increased by freezing in the Grundy 
Table 3. Chemical and physical properties of the soils (Bach number is average 
of five aggregate sizes in one soil) 
Bxch. K P Organic Clay Fine Coarse Aggr. Ease of 
Initial After 7 test pH carbon <0.002 silt silt Sand bulk penetra­
Soil ppm months pp2m mm 0.02- 0.05- >0.05 density tion^ 
freezing 0.002 0.02 mm g/cc mm 
ppm mm mm 
' 
% % % % % 
Surface soils 
Grundy 538 572 14 4.9 2.55 33.2 35.5 33.7 7.7 1.42 6.9 
Marshall 312 315 13 5.8 1.88 35.4 31.9 29,3 3.4 1.57 7.8 
Webster 121 132 38 6.2 3.65 26.0 26.5 14.8 32.7 1.63 9.0 
Clinton 54 - 30 6.8 0.85 39.9 37.9 28.4 3.9 1.91 12.5 
Adair 42 - 9 6.7 1.63 21.0 21.8 15.8 41.4 2.06 10.2 
Kenyon 36 36 7 6.3 1.65 21.6 27.3 18.5 32.6 1.85 7.8 
Luton 294 277 13 7.3 2.13 51.1 35.8 9.9 2.9 1.81 13.6 
Subsoils 
Grundy 24 30 7 5.9 0.96 30.1 36.2 18.0 15.7 1.92 10.7 
Marshall 75 84 10 6.2 1.32 39.3 32.9 25.2 2.6 1.91 9.2 
Webster 53 48 16 6.6 1.11 27.9 27.8 9.8 34.6 2.17 11.7 
Clinton 28 35 83 5.3 0.41 41.5 38.7 18.1 1.7 2.18 8.9 
Adair 20 22 7 5.7 0.84 31.7 19.0 4.9 44.3 1.77 10.9 
Bdina 46 49 6 5.7 1.01 35,8 43.2 18.4 2.6 1.85 8.6 
Hayden 19 21 12 6.2 0.45 32.2 19.6 3.6 44.6 2.25 8.6 
® ^ 9.0 mm aggregates only. 
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surface soil and to be decreased in the Luton surface soil. 
These were the soils with the highest initial levels of ex­
changeable K. 
Phosphorus soil test results varied from 7 to 38 pp2m in 
the surface soils and from 6 to 82 pp2m in the subsoils with 
no appreciable differences between the different sized ag­
gregates from any one soil. The P soil tests were very low 
for all samples except those from the Webster and Clinton 
surface soils and the Clinton subsoil. 
Soil pH varied from 4.9 to 7.3 in the surface soil sam­
ples and from 5.3 to 6.6 in the subsoil samples. There was 
little difference in pH between the different aggregate sizes 
from any one soil. 
The percentage of organic carbon ranged from 0.85 to 
2.65 in the surface soils and from 0.41 to 1.32 in the sub­
soils. Within any one soil sample the organic carbon tended 
to increase as the aggregate size decreased. The averages of 
all surface soil samples were 1.79, 1.88, 1.92, 1.95, and 1.98 
and for all subsoil samples were 0.85, 0.85, 0.87, 0.86, and 
0.94 for the larger than 9.0, 9-5, 5-3, 3-2, and 2-1 mm ag­
gregates, respectively. These differences were generally 
small and not consistent with any one soil. No satisfactory 
explanation was found for the generally higher percent organic 
carbon in the small aggregates, and this tendency for small 
aggregates to contain more organic carbon is contrary to the 
results reported by Metzger and Hide (1938), but agrees with 
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the results reported by Wittmuss and Mazurak (1958) on organic 
matter. 
The texture of the different soils varied widely. The 
clay content varied from 21.0 to 51.1 percent in the surface 
soils and from 27.9 to 41,5 in the subsoils. The content of 
fine silt varied from 21.8 to 37.9 in the surface soils and 
from 19.0 to 43.2 percent in the subsoils. The surface soils 
varied from 9.9 to 31.5 and the subsoils varied from 3.6 to 
25.2 in percentage of coarse silt. The amount of sand in the 
surface soils varied from 2.9 to 41.4 percent and in the sub­
soils varied from 1.7 to 44.6 percent. However, there was 
very little difference in the particle size distribution in 
the different sized aggregates from any one soil sample. This 
is in agreement with the results obtained by Metzger and Hide 
(1938). 
Average bulk density of the aggregates from the surface 
soils varied from 1.42 to 2.06 g. per cc. being generally 
lower than the averages of 1,77 to 2.25 g. per cc. for the sub­
soils. These densities are appreciably higher than those usu­
ally reported for undisturbed soil cores indicating that the 
bulk density of the individual aggregate is much higher than 
is that for the bulk soil. Higher bulk densities in the sub­
soils as compared to the corresponding surface soils occurred 
in all except the Adair soil. The reason for this one devia­
tion is not readily apparent. Bulk densities of the small 
33 
aggregates tended to be lower than those for larger aggre­
gates. Average densities were 1.77, 1.80, 1.79, 1.76, and 1.63 
g. per cc. for aggregates from surface soils and 2.08, 2.04, 
2.07, 1.97, and 1.88 g. per cc. for aggregates from the sub­
soils for the larger than 9.0, 9-5, 5-3, 3-2, and 2-1 mm ag­
gregates, respectively. This relation between aggregate size 
and bulk density was especially noticeable for the aggregates 
from Hayden and Clinton subsoils where the largest aggregates 
had densities of 2.56 and 2.34, respectively, and the smallest 
aggregates had densities of 1.98 and 2.01 g. per cc., respec­
tively. These two subsoils had very low organic carbon con­
tents - 0.45 and 0.41 percent, respectively. 
The ease of penetration was determined only on aggregates 
larger than 9.0 mm in diameter. The values obtained for dif­
ferent soils varied from 6.9 to 13.6 for the surface soils 
and from 8.6 to 11.7 mm for the subsoils. 
Ease of penetration tended to be directly proportional 
to density for the surface soils and inversely proportional 
to density for the subsoils as shown in Figure 1. However, 
in neither case was the correlation between these two varia­
bles very high, and there was relatively little difference be­
tween the surface and subsoil samples from the Marshall and 
Adair soils. Why some of the surface soils with relatively 
low bulk densities have greater resistance to penetration 
than others that are more dense is not known. Differences in 
Figure 1. The relationship between ease of penetration of the aggregates and 
aggregate bulk density for aggregates >9.0 mm in diameter 
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texture and/or organic carbon content do not account for the 
deviations observed. 
Differences in appearance of aggregates from the differ­
ent soils are readily evident in the photographs presented in 
Figure 2. 
General Plant Growth and Nutrient Uptake 
The general patterns of dry matter accumulation in the 
grass plants with time are shown in Figure 3. Although the 
yields of the dry matter from the Grundy surface soil for the 
first four harvests was considerably higher than that from 
the Clinton surface soil, the pattern was similar for all 
soils. There was little difference in the yield of dry matter 
obtained from different soils in the fifth and sixth harvests. 
Patterns of N and P uptake by the plants in relation to 
the amount of N and P added to the sand layer below the soil 
in the pots are shown in Figure 4 and Figure 5, respectively. 
Uptake of the nutrients which were added to the sand layer be­
low the soil varied somewhat between the different soils but 
followed similar patterns. As with the dry matter yields, the 
largest differences between woils in N and P uptake occurred 
in the third and fourth harvests. 
The ryegrass on most of the soils made very satisfactory 
growth up to the time of the third harvest, but after that 
harvest the plants were a light yellow-green in color and grew 
Figure 2 .  Photographs of the different sized undried ag­
gregates from the soil samples used in this study 
Letter Soil 
A Webster surface 
B Webster subsoil 
C Adair surface 
D Adair subsoil 
E Clinton surface 
F Clinton subsoil 
G Grundy surface 
H Grundy subsoil 
(The numbers 1, 2, 3, 4, and 5 refer to aggre­
gate sizes larger than 9.0, 9-5, 5-3, 3-2, and 
2-1 mm in diameter, respectively.) 
38 
1 2 3 4 5 
1 2 3 4 5 
Figure 2. (Continued) 
Letter Soil 
I Marshall surface 
J Marshall subsoil 
K Luton surface 
L Kenyon surface 
M Edina subsoil 
N Hayden subsoil 
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Figure 3. Average yields of dry matter as a function of time of crop growth 
(yields for the soils with the highest and the lowest yields are 
shown with broken lines) 
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Figure 4. The relationship between the average N accumulated in the plants and mil­
ligrams N added per pot (N accumulation for the soils with the highest 
and lowest N accumulations are shown with broken lines) 
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Figure 5. The relationship between the average P accumulation in the plant and 
milligrams P added per pot (P accumulation for the soils with the 
highest and lowest P accumulation are shown with broken lines) 
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very slowly. As shown in Figure 4 and Figure 5, nutrient 
solution containing N and P was added to the sand layer below 
the soil at frequent intervals during this period to assure 
that these nutrients were not deficient. The amounts of N and 
P added were far in excess of the amounts removed by the 
plants. K (as KCl) was added to the sand layer below the soil, 
and a nutrient solution containing Zn, Mn, Fe, Mo, Cu and B 
and P (as Ca(HP04)2) was also added to the top sand layer in 
each pot of the 5-3 mm aggregate in replicate number 2 to be 
certain that one of these elements was not deficient and that 
the added nutrients would be taken up by the plant. When it 
became obvious that the added nutrients did not improve the 
growth of the plants, all of the plants were harvested. 
After this fourth harvest, the soil and sand were removed 
from each pot. A new sand layer was placed in the bottom of 
the pot, the soil replaced in the pot and ryegrass was seeded. 
Additions of P were considerably greater than plant removal 
of P after this reseeding (Figure 5), but most of the N added 
after reseeding was removed in the plants (Figure 4). 
After reseeding, the ryegrass plants made normal growth 
until one cutting was harvested (the fifth harvest of the 
study). After that harvest the plants again showed the same 
symptoms as appeared prior to the fourth harvest. At this 
time 12 mg. of S per pot (as K2SO4) was added to the second 
replicate of those pots containing the 5-3 mm aggregates. 
These were the same pots which had been used previously for 
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addition of K, P, and micronutrients. Within one week after 
the addition of S the treated plants became green and started 
reasonably normal growth. Thus, it appeared that the plants 
in all of the soils were S deficient and the fifth cutting 
apparently was normal because of the S which was present in 
the seeds. Since few sulfur studies had been conducted on 
Iowa soils, the techniques used in this study offer possibili­
ties for studying S availability in Iowa soils. There appeared 
to be very little difference in S availability between the 
soil samples used in this study. This sulfur deficiency de­
veloped in the ryegrass in all pots with very little apparent 
difference between soils or aggregate sizes. However, the K 
results obtained were undoubtedly influenced by this deficiency 
of S and this must be considered when interpreting the results. 
The study of this S deficiency is being continued in the green­
house, but the results are not reported in this thesis. 
The average percentages of N and P in the six harvests of 
the plants grown on the different soils are shown in Figure 6. 
Plants from all of the soils generally increased in percentages 
of N and P from the first to the fourth harvest. The high 
percentages of N and P in the third and fourth harvest are un­
doubtedly associated with the sulfur deficiency and the excess 
amounts of N and P added during that period. The percentages 
of N and P were lower in the fifth harvest, after the excess 
N and P had been removed from the pots and a new crop of rye-
Figuïe 6. Average percentages of N and P in the plants at different harvests 
during the cropping period 
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grass was established. But the percentage of N, and for some 
soils the percentage of P, increased again in the sixth har­
vest as the severe S deficiency developed again. 
The percentages of N in the plants indicate that the 
plants received adequate amounts of N for optimum growth at 
all times. The very high N percentages in later harvests in­
dicate N accumulation in the sulfur deficient plants in excess 
of the amounts required for optimum growth. 
The percentages of P in the plants tended to follow a 
pattern with time similar to that for percentages of N. How­
ever, the percentages of P were generally low. The phosphorus 
percentages increased but did not reach excessive levels as 
the sulfur deficiency became severe. The high soil test 
levels of P for the Webster surface and Clinton surface and 
subsoils were not apparent in the P contents of the plants. 
This is in contrast to the results of Ozus (1964) where the P 
content of the plants was highly correlated with the tests had 
for P in the soils even when P was added to the sand layer be­
low the soil. 
Dry matter accumulation in the ryegrass plants as in­
fluenced by the different soils and the different aggregate 
sizes of each soil is shown in Figure 7. There was relatively 
little difference in the dry weight of the plants produced on 
the different soils, except that the yields of dry matter were 
higher for the Grundy and Luton surface soils and the Clinton 
subsoil than for the other soils. These differences, especial-
Figure 7. Yield of dry matter (gram per pot) as influenced by the various 
sized aggregates in the different soils 
W FIRST HARVEST 
#FIRST THREE HARVEST 
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ly for the Grundy and Luton surface soils, resulted primarily 
from higher yields of the second and third harvests. These 
two soils were higher in exchangeable K, but the lack of any 
relation between exchangeable K and dry matter yield for the 
other soils and the low exchangeable K for the Clinton sub­
soil indicate that differences in levels of K were not re­
sponsible for the differences in yield. It appears more likely 
that the differences in yields between the soils resulted from 
differences in S availability between the soils. 
Aggregate size had little if any effect on the dry mat­
ter yields obtained. 
Differences in yield of N between soils, as shown in 
Figure 8, were similar to the differences in dry matter yields 
between soils. Differences in aggregate size had little or 
no effect on N yields. 
Yields of P, Figure 9, were highest for the Webster and 
Luton surface soils, next highest for the Grundy surface and 
Clinton subsoil and lower with no marked differences between 
soils for all the other soils in this study. The highest 
yield of P may be related to xue higher dry matter yields on 
the Grundy and Luton surface soils and the Clinton subsoil and 
the higher P soil tests for the Webster surface and the Clinton 
subsoil, but exceptions to these relationships make any general 
conclusions subject to question- There was no apparent effect 
of aggregate size on the yield of P. 
Figure 8. Yield of N (milligrams per pot) as affected by the various sized 
aggregates in the different soils 
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Changes in Soils During Cropping 
Soil pH, soil tests for available P, and exchangeable K 
for different soil samples were determined before cropping 
and after the third and sixth harvests. The results of these 
analyses are reported in the Appendix, Table 7, and the values 
for each soil averaged over all aggregate sizes are summarized 
in Table 4 .  
The soil aggregates appeared to be in essentially the 
same physical condition when the soils were removed from the 
pots after the third, fourth, and sixth harvests as when they 
were potted originally. 
The pH of each soil was lower after the third harvest 
than it was initially, but the pH values after the sixth har­
vest was very similar to the initial values except for the 
Kenyon surface soil which had a higher pH after the sixth 
harvest than it had initially. The variations in pH, which 
are especially noticeable as being consistently lower after 
the third harvest, probably result from variations in the 
nitrate contents of the soils when the pH values were deter­
mined. The presence of soluble nitrate salts in the soils, 
which could be expected to be present in especially high con­
centrations after the third harvest, would result in a lower 
measured soil pH. This indicates that some nitrate moved by 
diffusion, mass flow or root action from the sand layer below 
the soil into the soil when it was present in relatively high 
amounts in the sand layer. 
Table 4. The pH, P test and exchangeable K before cropping, after the third har­
vest, and after the sixth harvest (Each number is the average of the 
five aggregate sizes for each soil) 
^pp2m ^ppin 
Ini- After After Ini- After After Ini- After After 
Soil tial 3rd 6th tial 3rd 6th tial 3rd 6th 
harvest harvest harvest harvest* harvest harvest^ 
Surface soils 
Grundy 4.9 4.7 5.0 14 7 10(13) 538 72 34(83) 
Marshall 5.8 5.4 5.7 13 8 11(15) 312 99 59(90) 
Webster 6 .2 6.0 6.3 38 22 22(27) 121 63 49(73) 
Clinton 6.8 6.4 6.8 30 20 24(33) 54 30 44(49) 
Adair 6.7 6.5 6.8 9 7 9(14) 42 27 30(36) 
Kenyon 6.3 6.1 6.8 7 4 8(8) 36 24 34(38) 
Luton 7.3 7.0 7.5 12 8 
Subsoils 
7(9) 294 93 96(99) 
Grundy 5.9 5.5 5.9 6 4 7(7) 24 17 22(38) 
Marshall 6.2 5.6 6.1 10 6 9(14) 75 40 63(89) 
Webster 6.6 6.2 6.5 15 8 14(16) 52 20 27(42) 
Clinton 5.3 4.7 5.6 82 73 85(86) 38 18 15(20) 
Adair 5.7 5.3 5.9 6 4 6(6) 20 15 20(34) 
Bdina 5.7 5.1 5.4 6 5 10(16) 46 16 20(37) 
Hayden 6.2 5.9 6.4 12 8 12(14) 20 13 24(30) 
®The values for the 5-3 mm aggregate to which P and K were added in the green­
house are shown in parentheses. The other values shown are the averages for all 
other aggregate sizes. 
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There was little difference and no consistent difference 
in soil pH between the different aggregate sizes of any one 
soil. 
The soil test for P was consistently slightly lower after 
the third harvest than it was initially, but the differences 
were small and the test results generally increased again 
slightly in the samples taken after the sixth harvest. These 
differences may be due to differences in the amounts of root 
material removed from the soil samples that were analyzed af­
ter these two harvests. The values after cropping do appear 
to be significantly lower than the initial values for the Web­
ster and Clinton surface soil samples. The effect of P ad­
ditions to the 5-3 mm aggregates in the greenhouse resulted in 
either no increase or a very small increase in the P soil test 
after the sixth harvest. There were some differences in the 
P tests of the different aggregate sizes of some soils but the 
effect of aggregate size on the P test was not marked and was 
not consistent between soils. 
The changes in exchangeable K due to cropping in the green­
house will be discussed in detail in a following section. The 
higher exchangeable K levels after the sixth harvest as com­
pared to the third harvest for all of the soils with very low 
levels of exchangeable K were probably due to larger amounts 
of root materials remaining in the soil samples after the sixth 
harvest. The additions of K to the 5-3 mm aggregates in the 
greenhouse generally resulted in slightly higher exchangeable 
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K levels in the soils after the sixth harvest. This increase 
due to added K was most marked in the Grundy and Marshall sur­
face soil samples. These two soils had high exchangeable K 
initially which might be related to this effect of added K, 
except that the Luton surface soil samples which also had a 
high initial level of exchangeable K did not show this same 
effect of added K. 
There was no consistent effect of aggregate size on the 
amount of exchangeable K remaining in the soils after the 
third and sixth harvest. In most of the soils the differ­
ences in exchangeable K between aggregate sizes were very 
small. 
K in the Sand Layers and Plant Roots 
The amount of K in the plant roots and the sand which 
were removed from the greenhouse pots after the fourth harvest 
are reported in Table 5. The material described here as plant 
roots includes the stubble remaining after the plant tops were 
harvested. The amounts of K found in the sand were consistent­
ly greater than the amounts found in the plant roots. Because 
K may have been lost from the roots to the sand after the plant 
tops were harvested and in the process of separating the roots 
from the sand, the values for the total amount of K in these 
fractions is of greatest interest. The total amounts of K 
found in the sand and roots varied from 14 to 41 ppm (based on 
the dry weight of the soil). The amount of K found in the 
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Table 5. The K extracted from sand and roots after the 
fourth harvest 
Aggr. Surface soils 
size 
no.^ Grundy Marshall Webster Clinton Adair Kenyon Luton 
K ex­ 1 23 22 17 13 9 8 30 
tracted 2^ 18 19 12 11 8 9 31 
from 3^ 23 24 17 10 11 9 25 
sand 4 23 21 15 11 9 10 26 
(ppm) 5 24 19 13 10 10 11 30 
Av. 22 21 15 11 9 9 28 
K ex­ 1 12 8 6 7 « 7 16 
tracted 2, 7 7 7 5 - 8 14 
from 3^ 12 6 5 5 9 8 15 
roots 4 12 7 7 7 7 9 9 
(ppm) 5 11 7 7 7 5 9 13 
Av. 11 7 6 6 7 8 13 
Total 
(sand + roots)33 28 21 17 16 17 41 
Subsoils 
Grundy Marshall Webster Clinton Adair Edina Hayden 
K ex­ 1 11 13 9 12 8 11 10 
tracted 2^ 10 14 7 13 7 8 8 
from 3^ 12 13 11 12 8 10 9 
sand 4 12 11 8 14 7 8 9 
(ppm) 5 9 11 13 15 8 6 9 
Av. 11 12 10 13 8 9 9 
K ex­ 1 7 7 4 6 7 7 5 
tracted 2^ 7 7 4 8 6 7 6 
from 3^ 7 5 7 7 5 6 6 
roots 4 7 5 5 10 6 7 8 
(ppm) 5 8 6 8 9 6 7 8 
Av. 7 6 6 8 6 7 7 
Total 
(sand + roots)18 18 16 21 14 16 16 
^Aggr. size numbers represent>9, 9-5, 5-3, 3-2, and 2-1 
mm in diameter, respectively, 
^Data for aggr. number 3 (5-3 mm) is average of 2 repli­
cates, all others are the averages of 3 replicates. 
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roots and sand were much higher where these materials were 
taken from the pots containing soils with high levels of ex­
changeable K, such as the Luton, Grundy and Marshall surface 
soils, than where these materials were taken from the other 
soils with much lower initial levels of exchangeable K. But 
the amounts found in the sand and roots were relatively small 
in comparison to the amounts removed in the harvested plant 
to ps. 
Aggregate size appeared to have no effect upon the amount 
of K found in the sand or in the plant roots. 
K Uptake by Plants 
The relationship between the various sized aggregates of 
the different soils and K uptake by the ryegrass is shown in 
Figure 10. The amounts of K taken up from the surface soils 
were consistently greater than the amounts taken up from the 
corresponding subsoils, and there was greater variability in 
K uptake between the different surface soils than between the 
different subsoils. 
Within certain soils there was more K uptake by the rye­
grass from the smaller aggregates than from the larger aggre­
gates. This especially was true for the first cuttings from 
the Grundy, Webster, Marshall and Luton surface soils which 
had relatively high levels of exchangeable K. The initial ex­
changeable K levels of these soils varied from 120 to 540 ppm. 
K uptake in the first cutting and in the total of the first 
Figure 10. Yield of K (ppm per 500 g of soil) as affected by the various sized 
aggregates in the different soils 
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three cuttings from these soils show a small but consistent 
trend of increased K uptake as the aggregate size decreased. 
However, this effect is not so consistent in the total K up­
take from all six cuttings. The lack of consistency in the 
later cuttings may be due, at least partially, to the poor 
growth of the grass for the fourth and sixth cuttings which re­
sulted from the severe sulfur deficiency. 
There was no effect of aggregate size on the K uptake by 
the ryegrass in any of the subsoils or in the Clinton, Adair 
and Kenyon surface soils. The initial exchangeable K levels 
in these soils were 75 ppm or less. 
The percentages of K in the plants, cumulative amounts of 
K removed in the plant harvests, and the exchangeable K levels 
in the soils as a function of time of cropping in the green­
house are shown in Figure 11. Because there was relatively 
little difference due to aggregate size the data for each soil 
shown in Figure 11 are averages of all aggregate sizes. 
Exchangeable K in the Grundy, Marshall and Luton surface 
soils, with high initial levels of exchangeable K, decreased 
rapidly and markedly with cropping prior to the third harvest. 
This decrease in exchangeable K continued on until the sixth 
harvest at a reduced rate. However, cropping resulted in 
relatively little change in exchangeable K in the soils with 
very low initial levels of exchangeable K. 
It appears that exchangeable K in each soil was reduced by 
Figure 11. Average percentages of K in the plants, average cumulative uptake 
of K by the plants, and changes in exchangeable K in the soils 
during the cropping season for the different soils(K uptake and 
exchangeable K expressed as ppm in the dry soil) 
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cropping to some equilibrium level. After this equilibrium 
level was reached, the plants continued to remove K from the 
soil with no apparent change in the exchangeable K level in 
the soil. All of the soils appeared to be at or very near 
this equilibrium level after the sixth harvest. Most of the 
subsoils and the Adair and Kenyon surface soils were near the 
equilibrium level at the beginning of the study. Since some 
of the K removed as exchangeable K after cropping was undoubt­
edly present in the plant root fragments which could not be 
readily removed from the soil after cropping, the true exchange 
able K levels in most of these soils at equilibrium must be 
very low. 
Although the equilibrium level was relatively low in all 
soils, it appears that it will be different for the different 
soils. As was shown in Table 4, exchangeable K after the sixth 
harvest varied from 15 to 27 ppm in the different subsoils, ex­
cept for the Marshall subsoil which had 62 ppm exchangeable K. 
Exchangeable K in the surface soils after the sixth harvest 
varied from 30 to 59 ppm, except in the Luton surface soil 
which had 96 ppm K. 
The rate of K uptake from the different soils during the 
period of the first three harvests varied from about 1 to 
about 5 ppm per day (on a dry soil basis). K uptake in these 
first cuttings was most rapid from those soils with high ini­
tial levels of exchangeable K. During this early cropping 
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period the amount of K taken up by the plants appeared to be 
very nearly equivalent to the decrease in the amount of ex­
changeable K in these soils. 
The ryegrass plants continued to take up K from all of 
the soils throughout the course of this study. This was true 
for the soils with very low initial levels of exchangeable K, 
and for soils with high initial levels of K even after the high 
initial levels had been reduced by cropping. Total K uptake 
in the six cuttings exceeded the amount of initial exchangeable 
K in all soils, and, for some of the soils with low initial 
levels of exchangeable K, K uptake was equivalent to about 10 
times the amount of initial exchangeable K in the soil. 
The percentage of K in the plants grown on soils with low 
levels of exchangeable K were very similar for all six harvests 
with values near 1 percent K. However, the percentage of K in 
the first harvest from soils with high levels of exchangeable 
K varied from 3 to 4 percent K and generally decreased in later 
cuttings as the level of exchangeable K in the soils decreased. 
The poor growth of the fourth and sixth harvest due to the sul­
fur deficiency had no appreciable effect on the percentage of 
K in the plants. 
The "equilibrium or near equilibrium" level of exchange­
able K in the surface soils after the sixth harvest is highly 
correlated with the percentage of clay in the soil as shown in 
Figure 12. In the surface soil samples, the exchangeable K 
level increases, on the average, 2 ppm for each increase of 1 
Figure 12. The relationship between the exchangeable K after the sixth harvest 
and percentage of clay in the surface and subsoil samples 
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percent clay- However, this relationship does not apply to 
the subsoil samples except for the subsoil from the Marshall 
soil. In fact, the level of exchangeable K in the other sub­
soil samples is inversely related to the amount of clay with 
an average decrease of 0.76 ppm for each increase of 1 percent 
clay. The Grundy surface soil appeared to be more like the 
subsoils than like the other surface soils. 
The fact that the percentage of K in the plants is highly 
correlated with the exchangeable K level in the soil is shown 
in Figure 13. There was a highly significant curvilinear re­
lationship between percent K in the first harvest of grass 
and the initial level of exchangeable K in the soil. 
The relationships between the amounts of K taken up by 
the ryegrass and exchangeable K in the soil are shown in Fig­
ure 14 and Figure 15. The K uptake by plants averaged over 
all aggregate sizes for the first three cuttings, shown in 
Figure 14, was highly correlated with the initial exchangeable 
K (r^ = 0.917). The Grundy, Marshall and Luton surface soils 
were not included in this regression equation, because of 
their high initial level of exchangeable K compared to the 
other soils used in this study. Inclusion of these soils in 
the regression equation would require a curvilinear regression 
to adequately fit the data. Figure 15 shows the linear re­
gression of the K uptake by the last^ three cuttings (fourth, 
fifth and sixth) on the exchangeable K after the third cutting. 
Figure 13. The relationship between percentage of K in the first harvest and 
the initial exchangeable K in the surface and subsoil samples 
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The K uptake by the plant at this stage was also highly corre­
lated (r^ = 0.955) to the exchangeable K in the soil after the 
third cutting. Because the exchangeable K in the Grundy, 
Marshall and Luton surface soils had been reduced to lower 
levels by the first three harvests, data for all 14 soils 
were included in this regression. 
It should be noted that the data from the surface and sub­
soil samples fit the same relationship between exchangeable K 
in the soil and uptake of K by the plants. Most of the sub­
soil samples had lower levels of exchangeable K than did most 
of the surface soil samples, but the data for the exceptions 
for this generally do not deviate from the general relation­
ship between exchangeable K and plant uptake of K. 
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GENERAL DISCUSSION 
Aggregates from each of the soils used in this study dif­
fered in size but were very similar in most other chemical 
and physical properties such as organic carbon, exchangeable 
K, pH, •'available" P, texture and bulk density. Organic car­
bon decreased in a few soils, and in a few others aggregate 
bulk density increased as the particle size increased, but 
in most soils, there was relatively little difference in these 
properties due to aggregate size. 
The density of the aggregates from most of the soils were 
surprisingly high. On the basis of the results of Veihmeyer 
and Hendrickson (1948) indicating that root penetration was 
limited by densities greater than 1.7 to 1.8, one would expect 
root penetration into the aggregates of all samples, except a 
few of those from surface soils, to be restricted. Visual ob­
servations indicated this to be true, and especially so for the 
most dense aggregates. 
Observation indicated that these undried aggregates were 
stable and persisted in the pots in the greenhouse throughout 
the course of study. Others, Wiersum (1962), have reported 
difficulty in maintaining aggregates when they tried to use 
air-dried aggregates. The use of undried aggregates may pro­
vide a solution to this problem. 
Differences in K availability between the different soils 
and different aggregates had to be evaluated on the basis of 
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differences in K uptake by the plants, since there were no 
significant differences in dry matter yields of the plants 
that could be related to differences in K availability. The 
ryegrass plants appeared to obtain sufficient K for optimum 
yield from the 500 g. of soil even where the exchangeable K 
in the soil was very low. Whether this would have been true 
if there had been no S deficiency is not known, since S did 
seriously limit yields of the fourth and sixth harvests and 
undoubtedly influenced the yields of other cuttings. 
With continued cropping all soils seemed to attain an 
equilibrium level of exchangeable K. The level was very low 
in many of the soils but was maintained even though the plants 
continued to remove K. Plant removal of K decreased the level 
of exchangeable K in soils with high initial levels. This de­
crease was very nearly equivalent to the amount of K removed 
by the plants in the first harvests. However, most of the sub­
soil samples and a few of the surface soil samples were very 
near the equilibrium level initially. 
The "equilibrium" levels of exchangeable K in the soils 
were directly proportional to the amount of clay in the surface 
soils, but were inversely proportional to the amount of clay 
in the subsoils. This difference between surface and subsoil 
samples may be related to the depletion of K in the soil clay 
associated with weathering and to the replenishment of K in 
the surface soil clays by plant residues returned to the soil 
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surface in contrast to the continued depletion of K from the 
subsoil clays by plant roots and weathering processes. Fail­
ure of the Grundy surface soil and of the Marshall subsoil to 
fit these general relationships may be due to differences in 
the kind and amount of plant growth or its management on these 
soils. 
K availability to plants grown on the different soils ap­
peared to be essentially a function of the level of exchange­
able K in the soils. An effect of aggregate size on K uptake 
by the plants was observed only when the level of exchangeable 
K in the soil was high and then the effect was small. No ef­
fect of aggregate size on K uptake was observed where the soil 
had a low initial level of exchangeable K, and none was observed 
for soils with high initial levels of exchangeable K after 
those initial levels had been reduced by cropping. Further­
more, aggregate size appeared to have little effect upon the 
rates of decrease of exchangeable K in the soils during crop­
ping. If the roots did not readily penetrate all of the ag­
gregates, it appears that K must have diffused readily from 
the center to the edges of the soil aggregates. This diffusion 
appears to be sufficiently rapid to maintain the exchangeable 
K level near the plant root very near the level in the interior 
of each aggregate. Uptake of K by the plants and the decrease 
in exchangeable K in the soil was in the order of 4 to 5 ppm 
per day (on the basis of an oven dry soil) prior to the third 
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harvest for the Grundy surface soil which had a very high ini­
tial level of exchangeable IC that decreased rapidly in crop­
ping. The rate of K uptake by the plants from soils with low 
levels of exchangeable K was in the order of 1 ppm per day for 
this period, and this was not accompanied by a decrease in the 
exchangeable K in the soil. 
The results of this study indicate that the soil aggre­
gates, per se, have very little effect upon the availability 
of soil K to plants. However, even if this be true, aggrega­
tion would be expected to influence root penetration and aera­
tion in the undisturbed soil in the field, and these factors 
may influence K availability to plants being grown in the 
field. 
These results together with those of Domsch (1955) on K 
and P uptake by plants, Wiersum (1962) on N and P uptake by 
'different plants, and Verma (1963) on K uptake by corn plants 
suggest that additional studies, possibly with different tech­
niques, are needed before arriving at a final conclusion. 
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SUMMARY AND CONCLUSIONS 
One purpose of this investigation was to study the chemi­
cal and physical properties of the different sized, undried, 
natural aggregates from seven surface soils and seven subsoils 
selected from the State of Iowa. Another objective was to 
study K uptake by ryegrass in the greenhouse from the differ­
ent aggregate sizes in these soils. The soils represented a 
wide range in chemical and physical characteristics. The find­
ings can be summarized as follows: 
1. There was a wide range of values for each of the soil 
properties between soils, but relatively little, and in most 
cases, no consistent or marked difference in the particle size 
distribution, exchangeable K, pH or available P of the differ­
ent aggregate sizes from any one soil. In some soils organic 
carbon content tended to increase and in others, aggregate 
bulk density tended to decrease as the aggregate size decreased. 
Bulk densities of the individual aggregates from some of the 
soils were very high and root penetration into these aggre­
gates was limited. 
2. Freezing the soil aggregates for about seven months 
had very little effect upon the exchangeable K except in two 
soils where the initial exchangeable K was high. Exchangeable 
K increased in the Grundy surface soil, and decreased in the 
Luton surface soil as a result of freezing. 
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3. Ease of penetration tended to be directly proportional 
to the bulk density of the aggregates from the surface soils 
and inversely proportional to the bulk density of the aggre­
gates from the subsoils. 
4. Plants from all of the soils increased in percentage 
N from the first to the fourth harvest. The high percentage 
of N and P in the third and fourth harvest appeared to be as­
sociated with the S deficiency which developed on all the soils, 
and the excess amount of N and P added during that period. 
5. There was relatively little difference in the dry 
weights of the plants produced on the different soils, except 
that the yields of dry matter were higher for the Grundy and 
Luton surface soils. Differences in yield of N were similar 
to the differences in dry matter yields. Aggregate size had 
little if any effect on the yields of dry matter, N or P ob­
tained in the greenhouse. 
6. Aggregate size appeared to have no effect upon the 
amount of K found in the sand at the bottom of the pot and the 
plant roots, but the amounts of K found in these components 
were directly related to the exchangeable K levels in the soils. 
7. Percentages of K in the plants and total K uptake by 
the plants were highly correlated with the exchangeable K 
levels in the soil. There was no effect of the different K 
levels in the soils on the dry matter yields of the ryegrass 
plants. 
8. Within certain soils there was slightly more K uptake 
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from the smaller aggregates than from the larger aggregates. 
This was especially true for the first cuttings from the soils 
with relatively high initial levels of exchangeable K, such as 
Grundy, Marshall and Luton surface soils. There was no effect 
of aggregate size on K uptake by the ryegrass in any of the 
subsoils or in the Clinton, Adair and Kenyon surface soils. 
9. Exchangeable K decreased rapidly with cropping in 
soils with high initial levels of exchangeable K. This de­
crease was approximately equivalent to the amount of K removed 
by the plants. 
10. After the sixth harvest almost all soils were at an 
"equilibrium of near equilibrium" level of exchangeable K. In 
most of the soils these equilibrium levels were very low. Ap­
parently all the subsoils and even Adair and Kenyon surface 
soils were near this equilibrium level at the beginning of 
this study. 
11. The K equilibrium level was directly correlated 
with the percentage of clay in the surface soils and inversely 
correlated with the percentage of clay in the subsoils. 
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APPENDIX 
Table 6. Chemical and physical properties of the different sized aggregate of the 
soils before cropping 
Soil 
Aggr. 
size 
no. ® 
Pine Coarse Organ-
Clay silt silt Sand ic car-
<0.002 0.02- 0.05->0.05 bon 
% 0.002 0.02 % % 
% % 
Exchangeable K 
b c 
ppm ppm 
Base 
P-test pH of Bulk 
pp2m pene- den-
tration sit y 
mm g/cc 
Surface soils 
Grundy 1 32.9 34.6 24.6 7.9 2.53 488 575 13 4.9 6.9 1.44 
2 32.8 35.6 23.8 7.9 2.64 525 560 13 4.9 1.50 
3 33.6 35.1 23.8 7.6 2.53 496 575 15 4.9 1.44 
4 32.8 36.4 23.2 7.6 2.52 629 580 15 4.9 1.38 
5 34.0 35.7 22.9 7.4 2.54 550 570 16 4.9 1.33 
Marshall 1 33.4 32.7 30.2 3.7 1.76 314 313 14 5.9 7.8 1.71 
2 33.2 32.0 31.4 3.3 1.78 305 320 14 5.8 1.62 
3 38.8 31.5 26.3 3.3 1.86 321 320 15 5.8 1.57 
4 35.7 32.0 28.8 3.5 1.77 304 305 12 5.8 1.46 
5 36.0 31.2 29.8 3.0 2.21 316 320 12 5.8 1.50 
Webster 1 26.2 26.4 13.6 33.8 2.46 102 97 47 6.1 9.0 1.67 
2 25.8 26.3 14.2 33.7 2.51 112 143 34 6.2 1.81 
3 25.4 27.0 16.0 31.7 2.75 120 140 34 6.2 1.67 
4 26.4 26.9 15.2 31.5 3.06 149 143 38 6.3 1.51 
5 26.1 26.1 15.1 32.7 2.47 124 138 36 6.3 1.47 
Clinton 1 26.8 39.1 29.6 4.5 0.92 59 22 6.8 12.5 1.85 
2 32.0 33.3 30.8 4.0 0.80 47 - 34 6.7 1.94 
3 32.0 34.8 29.1 4.2 0.77 47 - 32 6.7 2.02 
4 30.1 39.9 25.7 4.3 0.82 53 — 33 6.8 1.94 
5 28.6 42.2 26.7 2.5 0.93 62 - 28 6.8 1.81 
^Numbers 1 1, 2 , 3, 4 , and 5 designate aggregate sizes >9 , 5-9, 3-5, 2-3, 1-2 
mm. respectively. 
^Initial 
^After 7 months freezing. 
Table 6. (Continued) 
Fine Coarse Organ- Ease 
Aggr, Clay silt silt Sand ic car- Exchangeable K P-test pH of Bulk 
size <^0.002 0,02- 0,05->0,05 bon D c pp2m pane- den-
Soil no,8 % 0,002 0,02 % % ppm ppm tration sity 
% % mm g/cc 
Surface soils 
Adair 
Kenyon 
Luton 
Grundy 
1 21 .8  21.4 15.9 41.0 1.65 45 _ 9 6.7 10.2 1.95 
2 20.2 21.7 15.5 42.6 1.51 40 - 9 6.8 2.04 
3 21.4 21.8 15.6 41.2 1.63 37 - 9 6.7 2.05 
4 21.0 22.2 16.6 40.2 1.62 44 - 9 6.6 2.31 
5 20.6 21.9 15.2 42.4 1.75 43 - 10 6.7 1.97 
1 23.4 26.2 17.0 33.4 1.48 31 30 6 6.3 
00 
1.83 
2 22.4 24.1 21.2 32.3 1.71 40 37 6 6.3 1.86 
3 22.1 27.9 18 .5  31.6 1.75 37 38  8 6.3 1.92 
4 22.8 27.1 18.4 31.8 1.62 36 37 7 6.4 2.02 
5 17.4 31.1 17.6 34.0 1.67 37 37 7 6.3 1.64 
1 54.2 35.1 7.8 2.9 1.70 245 203 11 7.0 13.6 1,94 
2 51.5 35.8 8 .0  2.8 2.22 313 270 12 7.4 1,83 
3 49.9 35.7 11.4 3.0 2.15 248 290 14 7.4 1.88 
4 50.3 36.3 10.6 2.9 2.27 345 300 12 7.4 1.72 
5 49.8 35.9 11.5 2.8 2.31 318 320 14 7.5 1.67 
Subsoils 
1 30.0 36.8 17.9 15.3 1.01 25 29 7 5.9 10.7 2.03 
2 30.0 35.4 17.5 17,1 0.88 23 29 7 5.9 1.98 
3 29.6 36.4 18.2 15.9 0.89 23 31 7 5.9 1.88 
4 30.3 36.7 17.9 15.2 1.00 25 30 7 5.9 1.83 
5 30.4 35.8 18.7 15.1 1.01 25 32 7 5.9 1.88 
. 1 38,6 33,0 25.4 3.1 1.41 92 78 11 6.3 9.2 1.92 2 38.7 33.0 25.6 2.6 1.27 73 87 11 6.3 1,87 
3 40,3 33.3 23.9 2.6 1.28 61 77 11 6.3 1,99 4 38.7 32 .7  26.3 2.4 1.25 70 86  9 6.0 2,00 
5 40.4 32.3 25.0 3.4 1 .39  80 93  9 6.2 1,76 
Table 6. (Continued) 
Pine Coarse Organ- Base 
Aggr. Clay silt silt Sand ic car- Exchangeable K P-test pH of Bulk 
size <_0.002 0.02- 0.05->0.05 bon ^ 5 pp2m pene- den-
Soil no^ % 0.002 0.02 % % ppiii ppm tration sity 
% % mm g/cc 
Subsoils 
Webster 1 27.8 29.0 9.2 34.0 1.03 48 51 17 6.6 11.7 2.15 
2 28.4 28.1 8.6 35.0 1.15 54 48 15 6.6 2.09 
3 28.3 26.9 10.8 34.0 1.16 59 48 16 6.6 2.21 
4 27.3 27.9 10.1 34.7 1.04 46 48 16 6.6 2.28 
5 27.8 26.9 10.2 35.2 1.17 51 46 14 6.6 2.14 
Clinton 1 40.8 39.7 17.2 2.3 0.30 36 34 88 5.4 8.9 2.34 
2 40.9 37.8 19.6 1.7 0.40 26 - 89 5.4 2.42 
3 42.2 38.2 18.1 1.5 0.41 28 35 85 5.4 2.15 
4 41.8 38.2 18.5 1.6 0.46 29 34 73 5.2 1.96 
5 41.8 39.6 17.0 1.6 0.50 30 36 76 5.3 2.01 
Adair 1 31.8 18.6 3.9 45.7 0.78 18 22 8 5.7 10.9 1.73 
2 31.0 18.0 5.9 45.1 0.79 20 21 6 5.8 1.81 
3 32.4 19.5 5.2 42.9 0.85 20 21 6 5.6 1.76 
4 32.2 19.6 4.3 43.9 0.85 18 22 7 5.7 1.75 
5 31.1 19.5 5.3 44.1 0.93 22 24 7 5.6 1.80 
Bdina 1 42.1 39.8 15.7 2.5 1.01 44 48 6 5.8 8.6 1.80 
2 35.2 43.0 19.9 1.9 0.97 47 53 6 5.8 1.84 
3 34.2 •43.8 18.8 3.3 1.06 48 48 5 5.7 2.09 
4 35.0 43.2 18.8 3.0 0.97 44 49 5 5.7 1.96 
5 32.6 46.0 19.0 2.4 1.06 45 48 7 5.7 1.56 
Hayden 1 33.3 19.3 3.7 43.6 0.42 19 19 13 6.2 8.6 2.56 
2 32.4 19.6 3.5 44.4 0.46 19 21 12 6.2 2.24 
3 32.2 19.5 4.0 44.4 0.44 19 21 12 6.2 2.43 
4 31.8 19.4 3.7 45.1 0.45 19 22 11 6.2 2.03 
5 31.1 20.2 3.3 45.5 0.49 19 2 23 12 6.2 1.98 
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Table 7. Soil pH, soil P test and exchangeable K before crop­
ping, after the third harvest, and after the sixth 
harvest of the different aggregate sizes of the soils 
Aggr. pH Soil P test(pp2m) Exchangeable K(ppm) 
Soil size _ 
no .a Ab BC O
 a
 
A B C A B C 
Surface soi 1$ _ 
Grundy 1 4.9 4.7 5.1 - T3' ? -fio 488 82 31 
2 4.9 4.9 5.1 13 8 10 525 94 44 
3 4.9 4.6 5.3 15 6 13e 496 78 83e 
4 4.9 4 . 8  5.0 15 8 11 629 50 24 
5 4.9 4.7 4 . 9  16 8 11 550 58 38 
Marshall 1 5.9 5.4 5.6 14 9 10 314 110 39 
2 5.8 5.3 5.5 14 8 13 305 89 53 
3 5.8 5.5 5.7 15 7 I5G 321 113 90® 
4 5 . 8  5.4 5.7 12 8 11 304 89 68 
5 5.8 5 . 3  6.0 12 8 10 316 103 77 
Webster 1 6.1 6.0 6.5 47 24 18 102 55 45 
2 6.2 6.1 6.5 34 26 23 112 57 42 
3 6.2 6.0 6.3 34 18 27G 120 70 73e 
4 6.3 6.0 5 . 9  38 21 26 149 65 54 
5 6.3 6.2 6.4 36 20 22 124 69 55 
Clinton 1 6.8 6.4 6.3 22 17 22 59 32 37 
2 6.7 6.5 7.0 34 19 26 47 28 38 
3 6.7 6.5 7.0 33 24 33a 47 29 49e 
4 6.8 6.4 7.1 33 22 25 53 33 50 
5 6.8 6.6 6.6 28 21 23 62 30 52 
Adair 1 6.7 6.7 6.7 9 8 10 45 27 26 
2 6.8 6.7 6.7 9 6 8 40 27 28 
3 6.7 6.6 6.7 9 6 15e 37 26 36® 
4 6.6 6.5 7.0 9 7 9 44 26 34 
5 6.7 6.4 7.0 10 7 8 43 27 30 
Kenyon 1 6 . 3  6.1 6.6 6 4 7 31 22 32 
2 6.3 6.0 6.7 6 5 8 40 22 35 
3 6.3 6.2 6 . 9  8 5 86 37 26 38® 
4 6.4 6.3 6 . 8  7 5 9 36 26 35 
5 6.3 6.2 7.0 7 5 8 37 21 31 
^Numbers 1, 2, 3, 4, 5 designate aggregate sizes > 9, 
5-9, 3-5, 2-3, 1-2 mm respectively. 
^Initial. 
^After 3rd harvest. 
*^After 6th harvest. 
^Treated with P and K prior to 6th harvest. 
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Table 7. (Continued) 
Soil P test(pp2m) Exchangeable K(ppm) 
Soil size 
no.B cd A B C A 6 C 
Luton 1 7.0 6.9 7.6 11 8 6 245 71 76 
2 7.4 7.2 7.6 12 6 7 313 88 93 
3 7.4 7.1 7.4 14 8 9e 248 110 99e 
4 7,4 7.0 7.5 12 8 9 345 96 119 
5 7.5 7.0 7.5 14 8 7 318 101 95 
Subsoils 
Grundy 1 5.9 5.4 5.9 7 4 6 25 16 20 
2 5.9 5.6 5.9 7 4 7 23 15 17 
3 5.9 5.5 6.0 7 5 7® 23 16 38® 
4 5.9 5.5 6.0 7 3 6 25 19 22 
5 5.9 5.5 6.0 7 4 7 25 17 31 
Marshall 1 6.3 5.5 6.2 11 7 9 92 42 63 
2 6.3 5.5 6.0 11 6 11 73 41 54 
3 6.3 5.7 5.9 11 7 14e 61 37 89® 
4 6.0 5.6 6.0 9 6 9 70 41 66 
5 6.2 5.6 6.4 9 7 10 80 41 64 
Webster 1 6.6 6.2 6.6 17 9 14 48 20 26 
2 6.6 6.3 6.7 15 9 11 54 21 23 
3 6.6 6.2 6.7 16 9 16« 59 20 42® 
4 6.6 6.5 6.9 16 9 15 46 21 29 
5 6.6 6.2 6.1 14 8 16 51 19 28 
Clinton 1 5.4 4.7 5.5 88 84 85 26 16 17 
2 5.4 4.9 5.7 89 71 88 26 18 12 
3 5.4 4.7 5.7 85 69 86® 28 18 20® 
4 5.2 4.7 5.6 73 64 85 29 18 16 
5 5.3 4.7 5.6 76 77 83 30 19 18 
Adair 1 5.7 5.3 5.8 8 4 6 18 15 15 
2 5.8 5.4 6.3 6 4 7 20 16 18 
3 5.6 5.2 5.8 6 6 6® 20 15 34e 
4 5.7 5.4 5.8 7 4 6 18 15 21 
5 5.6 5.3 5.9 7 4 6 22 15 26 
Edina 1 5.8 5.0 5.4 6 7 14 44 17 17 
2 5.8 5.1 5.4 6 4 10 47 16 19 
3 5.7 5.0 5.4 5 4 16® 48 14 37® 
4 5.7 5.2 5.3 5 5 8 44 17 19 
5 5.7 5.2 5.5 7 4 8 45 17 27 
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Table 7. (Continued) 
Açgr. Soil P test(pp2m) Exchangeable K(ppni) 
no.a A B C ABC 
Subsoils 
Hayden 1 6.2 5.8 6.2 13 8 12 19 12 22 
2 6.2 5.9 6.3 12 8 11 19 14 21 
3 6.2 5.8 6.5 12 8 14® 19 13 30e 
4 6.2 5.9 6.7 11 9 14 19 14 27 
5 6.2 6.2 6.5 12 9 13 23 14 26 
Table 8. Percentages of N in the ryegrass at the different 
harvests produced on the different aggregate sizes 
of the soils 
Aggr. 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
Surface soils 
,9.0 1 2.98 3.79 2.86 3.27 3.20 3.39 3.32 
2 3.01 4.27 4.16 3.89 3.32 4.07 3.83 
3 3.01 5.83 5.51 5.36 3.85 5.22 4.18 
4 5.10 5.31 5.70 5.85 4.47 6.21 5.76 
5 5.28 5.22 4.32 4.42 4.24 4.20 4.28 
6 5.33 5.39 4.81 5.16 4.52 4.16 5.57 
5-9 1 3.27 3.46 3.25 3.32 3.32 3.59 3.72 
2 3.70 4.33 4.29 3.85 3.40 4.18 3.83 
3 3.76 6.20 5.45 5.01 4.13 5.15 3.86 
4 5.46 5.29 5.61 5.60 5.08 6.12 5.64 
5 4.78 4.97 4.49 4.37 4.25 3.82 4.32 
6 5.71 5.72 4.89 5.15 4.60 4.08 4.52 
3-5 1 3.06 3.78 3.10 3.71 3.89 3.55 3.54 
2 3.60 4.23 4.36 4.25 3.44 4.22 4.09 
3 3.83 6.24 5.46 5.30 4.16 4.74 4.69 
4 4.92 5.54 5.50 5.34 5.44 5.88 4.22 
5 5.44 5.02 5.10 3.78 4.20 4.92 4.32 
6 5.32 5.05 4.97 4.22 5.18 4.54 4.58 
4a 4.96 5.09 5.16 5.58 4.05 6.00 4.60 
5a 4.92 4.62 4.04 4.20 4.14 4.38 4.20 
6% 5.25 4.26 4.64 4.64 4.62 4.18 5.01 
and P were added, as shown in Table 2. 
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Table 8. (Continued) 
Aggr. 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
Surface soils 
1 3.37 3.65 3.10 3.28 2.95 3.70 3.28 
2 3.64 4.51 4.23 4.03 3.26 3.93 3.71 
3 3.73 6.02 5.63 4.49 4.22 5.01 4.42 
4 5.35 5.77 5.48 6.03 5.26 5.61 5.68 
5 4.97 4.60 4.73 4.28 4.42 4.62 4.40 
6 4.40 4,46 4.91 4.80 4.96 4.53 4.82 
1-2 
Av, 
> 9.0 
5-9 
3-5 
1 3.07 3.28 2.86 3.21 3.17 3.39 3.29 
2 3.94 3.84 3.89 3.93 3.39 3.96 4.03 
3 3.72 5.95 4.96 5.22 3.89 4.48 4.77 
4 5.20 5.81 5.52 5.73 4.44 5.98 6.23 
5 5.27 4.40 4.38 4.64 4.62 5.59 4.42 
6 5.24 4.91 5.01 4.29 4.80 4.32 4.73 
1 3.15 3.59 3.03 3.36 3.31 3.52 3.43 
2 3.58 4.24 4.19 3.99 3.36 4.07 3.90 
3 3.61 6.05 5.40 5.08 4.05 4.92 4.38 
4 5.21 5.54 5.56 5.71 4.94 5.96 5.51 
5 5.15 4.84 4.60 4.30 4.35 4.63 4.36 
6 5.20 5.11 4.92 4.72 4.81 4.33 4.64 
Av. 4.32 4.90 4.62 4.53 4.14 4.57 4.37 
Grundy Marshall Webster Clinton Adair Edina Hayden 
Subsoils 
• 1 3.24 3.04 3.11 3.22 2.90 3.83 3.15 
2 3.56 3.95 4.32 4.05 3.51 4.02 3.69 
3 3.71 5.83 5.67 "4.07 . 3.79 4.81 4.04 
4 5.26 6.16 5.83 4.82 4.92 5.62 5.69 
5 4.79 4.04 4.37 4.78 4.41 4.59 3.92 
6 5.25 4.15 5.20 4.71 5.03 5.18 4.37 
1 3.84 3.46 3.28 3.55 3.02 3.47 3.49 
2 3.82 4.21 4.38 4.01 3.45 3.99 4.08 
3 3.77 5.36 5.63 3.99 4.18 4.72 3.98 
4 5.33 5.87 5.68 4.18 5.17 5.67 5.68 
5 4.80 4.73 4.33 5.05 4.51 4.41 4.09 
6 5.25 4.86 4.87 4.83 4.52 4.90 4.23 
1 3.53 3.53 3.22 3.16 3.26 3.53 3.55 
2 4.07 4.04 4.29 4.03 3.06 3.93 4.32 
3 3.83 5.60 5.07 4.03 3.95 4.62 4.45 
4 4.76 5.70 4.94 4.29 5.28 5.34 5.52 
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Table 8. (Continued) 
Aggr. 
size Har-
mra. vest Grundy Marshall Webster Clinton Adair Edina Hayden 
(Continued) Subsoils 
3-5 
2-3 
1-2 
Av. 
5 4.40 4.43 4.68 5.00 4.69 5.10 3.99 
6 4.88 5.24 4.83 4.54 5.27 5.54 4.18 
4^ 4.92 5.36 5.74 3.90 5.14 5.76 5.90 
5^ 4.06 4.16 4.39 5.12 4.26 4.27 3.78 
6^ 5.55 4.54 4.56 5.10 4.64 5.22 3.56 
1 3.21 3.22 2.97 2.62 3.60 3.75 3.72 
2 3.96 4.01 3.82 3.79 3.61 3.87 3.98 
3 3.98 6.37 5.80 3.69 4.33 4.65 4.39 
4 5.43 5.72 5.71 4.66 5.69 5.42 5.87 
5 4.45 4.13 3.91 4.80 4.55 4.77 3.91 
6 5.41 4.15 3.89 5.34 4.60 4.88 4.09 
1 3.05 3.28 2.66 3.42 2.93 3.27 3.40 
2 3.56 3.97 4.05 3.99 3.54 3.54 3.49 
3 3.80 5.84 5.71 3.60 4.30 4.60 4.53 
4 5.67 5.96 5.64 4.35 5.83 5.39 5.59 
5 4.27 4.00 4.03 4.84 4.06 3.87 3.92 
6 5.08 4.32 4.00 4.75 4.73 4.46 4.43 
1 3.35 3.31 3.05 3.19 3.14 3.57 3.46 
2 3.79 4.04 4.17 3.97 3.43 3.87 3.91 
3 3.82 5.80 5.58 3.88 4.11 4.68 4.28 
4 5.27 5.88 5.56 4.46 5.38 5.49 5.67 
5 4.54 4.27 4.26 4.89 4.44 4.55 3.97 
6 5.17 .4.54 4.56 4.83 4.83 4.99 4.26 
Av. 4.32 4.64 4.53 4.20 4.22 4.52 4.26 
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Table 9. Percentages of P on the ryegrass at the different 
harvests produced on the different aggregate sizes 
of the soils 
Aggr. 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
>9.0 
5-9 
3-5 
2-3 
1-2 
Surface soils 
1 0.14 0.17 0.21 0.18 0.19 0.19 0.18 
2 0.17 0.27 0.25 0.22 0.19 0.24 0,15 
3 0.16 0.30 0.34 0.32 0.25 0.28 0.16 
4 0.17 0.20 0.31 0.30 0.20 0.26 0.18 
5 0.15 0.17 0.16 0.16 0.16 0.16 0.15 
6 0.17 0.15 0.20 0.21 0.18 0.15 0.15 
1 0.14 0.19 0.22 0.19 0.19 0.19 0.20 
2 0.19 0.24 0.28 0.20 0.19 0.20 0.19 
3 0.21 0.30 0.34 0.33 0.26 0.29 0.22 
4 0.18 0.23 0.24 0.29 0.23 0.26 0.21 
5 0.15 0.14 0.16 0.17 0.16 0.13 0.17 
6 0.21 0.16 0.20 0.25 0.17 0.13 0.16 
1 0.14 0.18 0.20 0.18 0.16 0.18 0.21 
2 0.17 0.24 0.27 0.22 0.18 0.24 0.19 
3 0.21 0.32 0.32 0.35 0.27 0.31 0.21 
4 0.19 0.26 0.23 0.30 0.29 0.30 0.24 
5 0.15 0.17 0.17 0.19 0.15 0.17 0.19 
6 0.19 0.20 0.15 0.26 0.19 0.13 0.16 
4a 0.20 0.22 0.34 0.30 0.19 0.26 0.21 
5^ 0.14 0.14 0.15 0.17 0.14 0.14 0.17 
6^ 0.26 0.20 0.18 0.30 0.28 0.21 0.24 
1 0.15 0.18 0.21 0.17 0.17 0.17 0.21 
2 0.18 0.26 0.26 0.23 0.17 0.27 0.17 
3 0.22 0.29 0.31 0.29 0.29 0.30 0.24 
4 0.19 0.22 0.22 0.29 0.27 0.25 0.22 
5 0.14 0.16 0.16 0.18 0.14 0.16 0.18 
6 0.18 . 0.16 0.15 0.24 0.17 0.15 0.18 
1 0.15 0.16 0.19 0.16 0.18 0.18 0.21 
2 0.19 0.22 0.30 0.23 0.22 0.21 0.17 
3 0.23 0.31 0.31 0.33 0.25 0.26 0.25 
4 0.19 0.22 0.27 0.29 0.22 0.27 0.26 
5 0.15 0.13 0.16 0.18 0.14 0.14 0.17 
6 0.14 0.17 0.20 0.19 0.16 0.14 0.17 
aK and P were added as shown in Table 2. 
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(Continued) 
Grundy Marshall Webster Clinton Adair Kenyon Luton 
Surface soils 
0.15 0.18 0.21 0.17 0.18 0.18 0.20 
0.18 0.25 0.27 0.22 0.19 0.23 0.17 
0.20 0.30 0.32 0.32 0.26 0.29 0.22 
0.18 0.23 0.35 0.29 0.24 0.27 0.22 
0.15 0.15 0.16 0.18 0.15 , 0.15 0.17 
0.18 0.20 0.18 0.23 0.17 0.14 0.16 
0.17 0.22 0.23 0.24 0.20 0.21 0.19 
Grundy Marshall Webster Clinton Adair Edina Hayden 
Subsoils 
0.16 0.16 0.20 0.23 0.22 0.16 0.16 
0.14 0.16 0.24 0.16 0.24 0.17 0.15 
0.25 0.33 0.37 0.28 0.28 0.29 0.26 
0.22 0.30 0.32 0.22 0.23 0.24 0.30 
0.15 0.15 0.15 0.18 0.15 0.18 0.17 
0.17 0.15 0.22 0.17 0.18 0.18 0.16 
0.17 0.17 0.17 0.21 0.22 0.17 0.17 
0.17 0.23 0.21 0.18 0.22 0.18 0.17 
0.22 0.26 0.38 0.33 0.28 0.20 0.28 
0.21 0.24 0.30 0.18 0.22 0.26 0.29 
0.16 0.15 0.17 0.20 0.15 0.16 0.20 
0.15 0.13 0.19 0.16 0.16 0.15 0.16 
0.18 0.18 0.17 0.18 0.20 0.17 0.17 
0.21 0.21 0.19 0.17 0.20 0.19 0.19 
0.27 0.29 0.30 0.23 0.31 0.31 0.33 
0.20 0.30 0.25 0.21 0.24 0.23 0.26 
0.15 0.15 0.17 0.22 0.15 0.17 0.16 
0.18 0.17 0.17 0.16 0.20 0.20 0.14 
0.18 0.23 0.22 0.15 0.26 0.22 0.29 
0.12 0.13 0.15 0.19 0.14 0.16 0.17 
0.25 0.20 0.20 0.26 0.24 0.28 0.19 
0.16 0.3,8 0.18 0.18 0.21 0.18 0.17 
0.18 0.25 0.20 0.16 0.24 0.31 0.19 
0.25 0.38 0.35 0.22 0.32 0.31 0.29 
0.20 0.27 0.29 0.18 0.27 0.21 0.25 
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Table 9. (Continued) 
Aggr. 
size Har-
iiira. vest Grundy Marshall Webster Clinton Adair Edina Hayden 
(Continued) Subsoils 
2-3 
1—2 
Av. 
Av. 
5 0.14 0.15 0.16 0.17 0.14 0.17 0.17 
6 0.19 0.15 0.12 0.17 0.15 0.17 0.15 
1 0.18 0.19 0.16 0.18 0.18 0.16 0.17 
2 0.27 0.24 0.20 0.18 0.21 0.30 0.20 
3 0.27 0.33 0.33 0.25 0.30 0.34 0.29 
4 0.22 0.25 0.29 0.14 0.27 0.28 0.29 
5 0.14 0.14 0.15 0.17 0.14 0.18 0.16 
6 0.17 0.14 0.14 0.16 0.14 0.16 0.20 
1 0.17 0.18 0.17 0.20 0.21 0.16 0.16 
2 0.19 0.22 0.21 0.17 0.22 0.19 0.18 
3 0.25 0.32 0.35 0.26 0.30 0.28 0.29 
4 0.21 0.27 0.29 0.19 0.25 0.24 0.28 
5 0.15 0.15 0.16 0.19 0.15 0.17 0.17 
6 0.17 0.15 0.17 0.16 0.17 0.17 0.16 
0.19 0.22 0.23 0.20 0.22 0.24 0.21 
Table 10. Percentages of K in the ryegrass at the different 
harvests produced on the different aggregate sizes 
of the soils 
Aggreg. 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
Surface soils 
7 9.0 1 3.39 3.89 2.00 1.41 1.11 0.96 2.54 
2 2.75 3.03 1.97 1.47 1.38 1.06 2.60 
3 1.75 3.08 2.01 1.95 1.14 1.27 1.98 
4 1.37 3.16 2.30 2.16 0.91 0.84 1.71 
5 1.67 2.31 1.14 1.61 1.32 1.17 2.12 
6 0.99 1.48 0.85 1.10 0.87 0.87 1.31 
5-9 1 3.19 2.80 2.26 1.43 1.05 1.05 2.48 
2 2.52 2.98 2.28 1.33 1.32 1.07 2.67 
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Table 10. (Continued) 
Aggr. 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
(Continued) Surface soils 
5-9 
3-5 
2-3 
1-2 
Av. 
>9.0 
3 2.13 3.27 2.07 1.78 1.30 1.22 2.29 
4 1.91 3.34 2.10 1.82 1.12 0.76 2.04 
5 1.67 2.34 1.64 1.58 1.42 1.04 2.28 
6 1.33 1.85 0.97 1.23 0.97 0.89 1.48 
1 3.28 3.07 2.40 1.60 1.25 1.04 2.79 
2 3.20 2.85 2.41 1.52 1.50 1,12 3.01 
3 2.23 3.12 2.15 1.88 1.24 1.09 2.51 
4 2.45 3.50 2.26 1.56 1.36 0.72 1.48 
5 1.75 2.64 2.02 1.25 1.48 1.52 2.26 
6 0.95 1.90 1.10 1.25 0.99 0.76 1.52 
4» 2.80 3.45 3.40 2.10 1.40 1.14 2.60 
5^ 2.02 3.14 2.10 1.56 1.71 1.36 2.80 
1.40 1.83 1.40 1.44 1.36 0.86 1.83 
1 3.70 2.86 2.42 1.52 1.24 0.98 3.05 
2 3.25 3.01 2.45 1.60 1.29 0.99 2.98 
3 2.25 3.21 2.36 1.64 1.26 1.23 2.59 
4 2.55 3.28 2.45 2.08 1.10 0.78 2.20 
5 1.66 2.28 1.29 1.71 1.23 1.12 2.56 
6 0.93 1.42 1.16 1.27 1.01 0.91 1.52 
1 3.65 3.10 2.25 1.56 1.04 0.91 3.29 
2 3.42 3.21 2.37 1.66 1.32 1.05 3.11 
3 2.06 3.04 2.14 1.97 1.18 0.99 2.84 
4 2.37 3.35 2.12 2.06 1.27 0.99 2.40 
5 1.60 2.45 1.58 1.60 1.32 1.21 2.57 
6 0.87 2.02 1.20 1.10 0.99 0.93 1.60 
1 3.44 2.94 2.27 1.50 1.14 0.99 2.83 
2 3.02 3.02 2.30 1.52 1.36 1.06 2.87 
3 2.08 3.14 2.15 1.84 1.22 1.16 2.44 
4 2.13 3.33 2.25 1.94 1.15 0.82 1.97 
5 1.67 2.40 1.53 1.55 1.35 1.21 2.36 
6 1.01 1.73 1.06 1.19 0.97 0.87 1.49 
Av. 2.23 2.76 1.93 1.59 1.20 1.02 2.33 
Subsoils 
Grundy Marshall Webster Clinton Adair Edina Hayden 
1 1.39 1.87 1.58 1.37 0.88 1.48 1.09 
2 1.19 2.14 1.60 1.20 0.90 0.99 1.04 
3 0.69 2.68 1.60 0.77 0.83 1.22 0.70 
4 0.86 2.47 1.75 0.78 0.74 1.20 1.23 
5 0.95 1.73 1.16 1.14 0.99 1.95 0.93 
6 0.70 1.14 0.99 0.87 0.93 0.66 0.78 
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Table 10. (Continued) 
Aggr. 
size Ifer-
mm, vest Grundy Marshall Webster Clinton Adair Edina Hayden 
(Continued) Subsoils 
5-9 
3-5 
2-3 
1-2 
Av. 
1 1.31 1.80 1.56 1.33 0.91 1.37 1.17 
2 0.96 2.30 1.58 1.23 1.16 1.10 1.08 
3 0.74 1.99 1.56 0.84 0.90 0.96 0.86 
4 1.01 2.42 1.68 0.68 0.62 1.19 1.25 
5 1.06 1.83 1.23 1.10 1.12 0.93 1.07 
6 0.56 1.25 0.93 0.80 0.83 0.68 0.76 
1 1.26 1.98 1.38 1.31 0.98 1.36 1.15 
2 0.99 2.05 1.89 1.91 1.04 1.00 1.12 
3 0.71 2.27 1.88 0.96 0.93 0.95 0.91 
4 0.91 2.64 1.14 0.76 0.79 1.03 1.40 
5 1.10 1.64 1.40 1.28 1.10 1.32 1.14 
6 0.76 1.44 1.44 0.72 0.87 0.87 0.83 
4a 1.56 2.80 2.53 1.28 1.64 1.98 2.30 
5® 1.36 2.33 2.02 1.44 1.86 1.48 1.78 
6^ 1.36 1.64 1.48 1.44 1.60 1.21 1.36 
1 1.15 1.98 1.32 1.38 0.96 1.35 1.20 
2 1.03 2.27 1.76 1.23 0.85 0.95 1.13 
3 0.77 2.57 1.94 0.93 1.05 0.91 0.89 
4 0.93 2.22 1.78 0.91 0.91 1.14 1.29 
5 0.92 1.77 1.19 1.17 1.01 1.25 1.16 
6 0.78 1.18 0.76 0.95 0.78 0.80 0.80 
1 1.19 1.94 1.25 1.33 0.84 1.19 1.40 
2 1.01 2.12 1.54 1.05 0.91 0.99 1.10 
3 0.72 2.36 1.72 0.73 0.90 1.00 1.02 
4 1.14 2.37 1.81 1.02 0.93 1.30 1.33 
5 1.05 1.83 1.12 1.14 1.01 0.91 0.91 
6 0.82 1.39 0.85 0.70 0.83 0.78 0.88 
1 1.26 1.91 1.42 1.34 0.91 1.35 1.19 
2 1.04 2.38 1.67 1.32 0.97 1.01 1.09 
3 0.73 2.37 1.67 0.85 0.92 1.01 0.88 
4 0.97 2.42 1.63 0.83 0.80 1.17 1.30 
5 1.02 1.76 1.22 1.17 1.05 1.27 1.04 
6 0.72 1.28 0.99 0.81 0.85 0.76 0.81 
Av. 0.96 2.02 0.99 0.81 0.85 0.76 1.05 
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Table 11. Yield of dry matter (g. per pot) produced in the 
different harvests from the different aggregate 
sizes of the soils 
Aggr. 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
Surface soils 
1 3.63 2.71 3.07 2.79 2.41 3.11 2.62 
2 2.07 1.69 2.79 1.63 1.53 1.52 2.69 
3 2.87 1.16 1.49 1.16 1.67 0.92 4.08 
4 2.45 1.31 1.36 1.10 2.16 1.12 3.56 
5 2.79 2.46 3.08 3.08 2.98 2.69 2.90 
6 1.77 2.22 1.71 1.61 2.14 1.78 1.81 
5-9 1 3.65 
2 2.35 
3 2.59 
4 2.31 
5 3.13 
6 1.67 
3-5 1 3.89 
2 2.33 
3 2.54 
4 1.91 
5 2.86 
6 1.96 
4^ 2.14 
5^ 3.17 
6& 1.82 
2.78 3.60 
1.79 2.00 
1.16 1.28 
1.08 1.62 
2.89 3.12 
1.79 1.83 
2.57 3.66 
1.79 2.04 
0.94 1.41 
0.95 1.65 
2.77 2.76 
1.92 2.14 
1.19 1.80 
2.98 2.80 
2.18 2.38 
2.42 2.82 
1.70 1.69 
1.17 1.39 
1.05 1.39 
3.19 2.89 
1.46 2.28 
2.45 2.42 
1.55 1.65 
1.03 1.59 
1.03 1.13 
2.80 2.90 
1.50 2.03 
1.05 3.27 
2.98 3.16 
1.72 2.71 
2.89 2.65 
1.59 2.67 
1.04 3.49 
1.20 1.92 
2.49 2.69 
2.12 1.72 
3.00 2.82 
1.65 2.44 
1.13 2.76 
1.20 1.26 
1.91 2.56 
2.00 2.09 
1.17 3.12 
2.44 2.80 
2.00 1.33 
1 3.81 
2 2.36 
3 2.63 
4 1.66 
5 2.90 
6 1.95 
1 4.35 
2 2.49 
3 2.73 
4 1.68 
5 2.56 
6 1.83 
2.72 3.58 
1.91 2.11 
1.09 1.29 
0.96 1.71 
2.82 2.77 
2.09 1.99 
3.18 3.96 
2.03 2.30 
1.13 1.55 
1.30 1.92 
3.49 3.19 
1.77 1.64 
2.79 2.38 
1.52 1.76 
1.21 1.37 
1.11 1.26 
2.94 2.85 
1.46 2.15 
2.73 2.96 
1.65 1.68 
0.95 1.32 
0.85 1.18 
2.75 2.75 
2.25 2.08 
2.97 2.91 
1.75 3.33 
1.22 3.04 
1.09 1.90 
2.25 2.76 
2.26 1.72 
2.88 3.05 
1.64 2.95 
1.45 2.69 
1.18 1.52 
2.42 2.75 
2.38 1.73 
and P were added, as shown in Table 2. 
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Table 11. (Continued) 
Aggr, 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
Av. 
Total 
>9.0 
5-9 
3-5 
2-3 
1-2 
Surface soils 
1 3.87 2.79 3.57 2.64 2.60 2.97 2.81 
2 2.32 1.84 2.25 1.61 1.66 1.63 2.82 
3 2.67 1.10 1.40 1.10 1.47 1.15 3.21 
4 2.00 1.12 1.65 1.03 1.42 1.16 2.03 
5 2.85 2.89 2.98 2.95 2.87 2.35 2.73 
6 1.84 1.96 1.86 1.66 2.14 2.11 1.81 
15.55 11.70 13,71 10.99 12,16 11.37 15.41 
Subsoils 
Grundy Marshall Webster Clinton Adair Edina Hayden 
1 2.20 2.37 2.73 l.fl 2.7Ô 2.32 2.16 
2 1.93 1.93 1.62 1.99 1.81 2.14 2.21 
3 2.35 1.01 0.89 2.42 1.48 1.29 1.85 
4 1.78 0.93 0.96 2.78 1.50 1.13 1.56 
5 2.34 3.06 2.84 2.56 2.71 2.55 2.61 
6 1.72 1.80 2.43 2.13 2.08 1.86 1.89 
1 2.40 2.78 2.29 2.18 2.65 2.53 2.22 
2 2.03 1.78 1.64 1.65 1.48 2.29 2.32 
3 1.90 0.95 0.99 1.98 1.32 1.31 1.88 
4 1.62 0.84 0.90 3.55 1.96 0.98 1.23 
5 2.24 2.62 2.80 2.04 2.68 2.47 2.47 
6 1.72 1.80 2.43 2.13 2.08 1.86 1.89 
1 2.81 2.53 2.54 2.49 2.54 2.58 2.71 
2 2.02 1.65 1.45 1.65 1.50 1.98 2.29 
3 1.87 0.95 1.27 2.05 1.44 1.44 1.39 
4 1.77 1.02 2.42 3.15 1.40 1.66 1.08 
5 2.81 2.87 2.78 2.00 2.56 2.65 2.44 
6 1.49 1.85 1.69 1.51 2.03 1.77 1.85 
4! 1.54 0.90 1.04 4.06 1.39 1.24 1.00 
5^ 3.17 2.86 3.05 2.20 3.05 2.67 2.80 
6» 1.47 1.82 1.40 1.88 2.02 1.70 2.53 
1 2.56 2.93 2.99 2.55 2.69 2.62 2.55 
2 1.99 1.83 1.61 2.48 1.71 2.42 2.30 
3 2.08 0.77 0.81 2.43 1.12 1.39 1.53 
4 1.59 0.85 0.86 3.08 1.11 1.47 1.22 
5 2.74 2.83 2.60 2.95 2.59 2.50 2.57 
6 1.50 1.73 1.74 1.78 2.01 1.46 1.66 
1 3.27 3.07 2.79 2.63 2.49 3.03 2.27 
2 2.34 2.11 1.96 2.58 1.70 2.40 2.34 
3 1.73 0.92 1.09 2.43 1.28 1.10 1.63 
4 1.36 0.90 0.78 3.09 1.53 0.85 1.12 
5 2.55 3.04 2.54 2.52 2.73 2.68 2.45 
6 1.57 1.66 1.93 2.19 2.00 1.50 1.51 
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Table 11. (Continued) 
Aggr. 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Edina Hayden 
Subsoils 
1 2.65 2.74 2.67 2.31 2.63 2.62 2.38 
2 2.06 1.86 1.66 2.07 1.64 2.25 2.29 
3 1.99 0.91 1.01 2.26 1.33 1.31 1.66 
4 1.62 0.91 1.28 3.13 1.50 1.22 1.24 
5 2.54 2.88 2.71 2.41 2.66 2.57 2.51 
6 1.65 1.71 1.83 1,94 2.02 1.67 1.65 
Total 12.51 11.01 11.16 14.12 11.78 11.64 11.73 
Table 12. Yield of N (mg. per pot) produced in the different 
harvests from the different aggregate sizes of the 
soils 
Aggr. 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
Surface soils 
1 107.9 102.7 88.0 90.8 77.2 105.3 87.0 
2 62.3 72.1 116.0 63.3 51.3 61.8 103.3 
3 84.3 67.1 82.0 62.2 65.4 47.6 170.4 
4 124.8 69.8 77.5 64.4 88.6 69.3 118.5 
5 147.1 128.0 132.9 137.2 126.0 113.0 124.0 
6 93.7 119.3 82.1 82.4 96.4 73.8 82.5 
1 119.0 97.4 117.2 80.3 93.7 103.8 98.2 
2 86.8 77.7 85.9 64.5 48.7 66.0 102.1 
3 96.9 70.8 70.1 58.5 56.5 53.1 136.1 
4 125.9 57.2 90.4 59.0 70.6 73.4 135.0 
5 149.6 142.1 139.4 139.0 123.9 95.3 115.9 
6 94.7 102.0 90.1 74.9 104.5 85.8 77.4 
1 118.9 96.9 113.6 90.4 70.8 106.2 99.4 
3 84.2 75.6 88.9 65.6 56.4 69.2 98.7 
3 97.3 58.8 76.3 55.5 65.7 53.0 128.5 
4 94.0 - 52.6 90.8 55.0 61.5 70.6 53.2 
5 155.6 139.1 140.8 105.8 121.8 94.0 110.6 
6 104.3 97.0 106.4 63.3 105.2 90.8 95.7 
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Table 12. (Continued) 
Aggr. 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
Surface soils 
3-5 4a 106.1 60.6 92 .9  58.6 132.4 70.2 98.9 
5a 156.0 137.7 113.1 125.8 130.8 106.9 117.6 
6^ 95.6 92.9 110.4 79.8 125.2 83.6 66 .6 
2-3 1 128.1 99.1 111.1 91.3 70.2 109.2 96.4 
2 86.0 86.2 88.9 61.0 56.7 68.9 123.7 
3 98.4 65.3 72.2 53.3 57.8 61.2 133.0 
4 86.3 124.7 81.7 66.9 66.2 61.0 107.5 
5 150.3 93.1 131.0 125.6 125.8 103.9 121.5 
6 97.8 97.5 70.6 106.2 102.0 83.0 
1-2 1 133.3 104.0 133.3 87.4 94.0 96.9 100.1 
2 98.0 77.0 96.9 64.9 57.4 65.4 119.2 
3 101.8 67.2 76.5 49.3 50.1 64.5 128.4 
4 87.1 75.4 105.9 48.7 51.8 70.4 94.2 
5 134.5 153.1 139.6 119.4 126.7 112.2 121.6 
6 95.6 86.6 81.5 96.8 99.5 102.6 86.5 
Av. 1 121.4 100.0 112.6 88.0 81.2 104.3 96.2 
2 83.5 77.7 95.3 63.9 54.1 66.3 109.4 
3 95.7 65.9 75.5 55.8 59.1 55.9 139.3 
4 103.6 62.1 89.3 58.8 67.7 68.9 101.7 
5 147.4 137.4 136.7 125.5 124.8 103.5 118.7 
6 97 .2  99.6 91.5 77.6 102.4 91.0 85.0 
Total 648.8 542.7 600.9 469.6 489.3 489.9 650.3 
Subsoils 
Grundy Marshall Webster Clinton Adair Edina Hayden 
> 9. 0 1 71.1 71.9 85.1 55.4 80.7 89.0 69.3 
2 69.4 76.1 70.1 80.7 63.4 85.8 81.2 
3 87 .2  58.3 50.8 98.4 54.6 62.1 74.7 
4 93.5 56.1 55.9 134.4 73.4 63.2 88.5 
5 112.0 123.4 123.8 122.4 120.6 116.9 102.1 
6 103.9 63.8 71.7 102.2 99.9 89.9 60 .2  
5-9 1 92.0 96.1 75.9 77.8 80.9 88 .2  77.2 
2 77.7 75.1 71.2 66.1 50.6 91.1 94.6 
3 73.0 51.5 55.9 79.8 54.0 61.9 74.4 
and P were added, as shown in Table 2. 
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(Continued) 
Grundy Marshall Webster Clinton Adair Edina Hayden 
Subsoils 
86.4 
107.3 
89.6 
98.9 
82.2 
71.5 
84.3 
123.6 
72.7 
75.8 
128.7 
81.6 
82.6 
78.3 
82.6 
86.3 
121.7 
80.8 
99.2 
83.1 
65.8 
76.4 
108.8 
79.5 
88.8 
78.1 
76.0 
85.4 
114.7 
85.3 
528.3 
49.4 
123.6 
87.5 
89.4 
66.7 
51.1 
58.1 
127.1 
96.9 
48.2 
119.0 
82.6 
94.4 
73.4 
48.5 
48.1 
116.6 
70.9 
101.1 
83.6 
53.3 
53.4 
121.4 
72.4 
90.6 
75.0 
52.5 
53.0 
122.4 
78.3 
471.8 
51.2 
120.8 
69.4 
82.1 
62.1 
59.5 
119.6 
130.1 
81.6 
59.7 
133.9 
63.8 
88.6  
62.1 
46.5 
48.8 
100.9 
67.6 
75.1 
79.5 
60.1 
44.0 
102.0 
77.1 
81.4 
69.0 
54^6 
63.9 
115.6 
73.5 
458.0 
148.1 
103.0 
102.1 
77.3 
67.3 
82.2 
135.1 
100.0 
68 .6  
158.3 
112.6 
95.9 
91.8 
94.0 
89.8 
143.5 
141.6 
93.1 
89.4 
103.1 
87.0 
134.2 
121.6 
103.4 
78.3 
82.2 
87.4 
139.1 
117.7 
93.9 
598.6 
98.9 
120.6 
93.6 
82.7 
48.5 
56.2 
73.9 
120.1 
107.0 
71.5 
129.9 
93.7 
96.7 
61.8 
48.2 
63.1 
117.7 
92.1 
75.1 
60.2 
54.3 
88.8 
111.5 
94.3 
83.2 
56.9 
53.5 
79.6 
118.1 
97.4 
488.7 
55.2 
108.8 
91.1 
91.2 
77.8 
67.1 
88.6 
135.2 
98.1 
71.4 
114.0 
88.7 
97.9 
93.7 
64.2 
79.8 
119.1 
71.0 
98.6 
85.0 
50.3 
45.8 
103.4 
67.2 
93.0 
86.7 
61.1 
66.5 
116.7 
83.5 
507.5 
69.9 
101.0 
80.0 
96.0 
99.2 
61.4 
59.6 
97.4 
77.3 
59.0 
105.8 
90.1 
91.5 
91.6 
67.1 
71.2 
100.2 
67.7 
78.6 
82.0 
73.5 
62.8  
95.7 
67.2 
82.6 
89.7 
70.2 
70.4 
99.3 
70.5 
482.7 
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Table 13. Yield of P (mg. per pot) produced in the different 
harvests from the different aggregate sizes of the 
soils 
Afgr. 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
> 9.0 
5-9 
3-5 
2-3 
1-2 
Surface soils 
1 5.3 4.5 6.6 4.9 4.5 5.9 4.8 
2 3.6 4.5 6.9 3.6 2.9 4.1 4.0 
3 4.5 3.4 5.1 3.7 4.2 2.5 6 .6 
4 4.0 2.6 4.1 3.3 3.8 2.9 6,2 
5 4.1 4.0 5.0 4.9 4.6 4.4 4.4 
6 3.0 3.3 3.5 3.3 3.8 2.7 2.7 
1 5.1 5.4 7.8 4.5 5.4 5.4 5.2 
2 4.5 4.3 5.6 3.3 3.2 4.2 5.0 
3 5.4 3.5 4.4 3.7 3.6 3.0 7.6 
4 4.1 2.4 3.9 3.0 2.3 3.1 5.0 
5 4.5 4.0 4.9 5.3 4.5 3.1 4.4 
6 3.4 2.8 3.5 3.6 3.8 2.8 2.7 
1 5.4 4.6 7.2 4.4 4.0 5.4 5.9 
2 3.9 4.3 5.5 3.4 3.1 4.2 4.5 
3 5.2 3.0 4.5 3.5 4.2 3.5 6.0 
4 3.6 2.4 3.7 3.1 3.3 3.5 3.0 
5 4.3 4.6 4.6 5.3 4.2 3.2 4.9 
6 3.7 3.7 3.2 3.9 3.9 2.5 3.3 
4a 4.2 2.6 4.2 3.2 6.2 3.0 4.4 
5A 4.4 4.2 4.1 5.1 4.4 3.4 4.6 
6» 4.6 4.4 4.3 5.1 7.6 4.1 3.2 
1 5.7 4.8 7.5 4.8 4.0 5.1 6.0 
2 4.1 5.0 5.4 3.4 3.0 3.9 5.8 
3 5.6 3.2 4.0 3.5 3.9 3.7 7.3 
4 3.2 2.1 3.3 3.2 3.3 2.8 4.1 
5 4.1 4.4 4.5 5.2 4.1 3.7 4.8 
6 3.4 3.2 2.9 3.5 3.6 3.4 3.1 
1 6.3 5.1 7.4 4.2 5.5 5.1 6.2 
2 4.6 4.5 6.8 3.8 3.7 4.0 5.0 
3 6.3 3.5 4.8 3.1 3.3 3.8 6.8 
4 3.1 2.9 5.1 2.4 2.5 3.2 4.0 
5 3.8 4.5 5.0 4.9 3.8 3.5 4.7 
6 2.6 3.0 3.3 4.2 3.4 3.3 3.1 
K and P were added, as shown in Table 2. 
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Table 13. (Continued) 
Aggr. 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
Surface soils 
Av. 1 5.6 4.9 7.3 4.6 4.7 5.4 5.6 
2 4.1 4.5 5.7 3.2 3.2 4.1 4.9 
3 5.4 3.3 4.6 3.5 3.8 3.3 6.9 
4 3.6 2.5 4.0 3.0 3.0 3.1 4.5 
5 4.2 4.3 4.8 5.1 4.2 3.6 4.6 
6 3.1 3.2 3.3 3.7 3.7 2.9 3.0 
Total 26.0 22.7 29.7 23.4 22.6 22.4 29.5 
> 9.0 
Subsoils 
Grundy Marshall Webster Clinton Adair Edina Hayden 
1 3.4 3.8 5.3' 3.9 6.2 3.7 3.4 
2 2.8 3.2 3.8 3.1 4.3 3.7 3.4 
3 5.7 3.3 3.3 6.8 4.1 3.7 4.7 
4 3.9 2.7 3.1 6.2 3.4 2.7 4.6 
5 3.6 4.6 4.3 4.5 4.0 4.5 4.3 
6 3.3 2.2 2.9 3.6 3.5 3.2 2.2 
1 4.3 4.7 3.9 4.5 5.9 4.3 3.8 
2 3.5 4.2 3.4 3.0 3.3 4.2 4.0 
3 4.1 2.5 3.8 4.6 3.8 2.7 5.3 
4 3.4 2.0 2.8 6.0 4.2 2.5 3.6 
5 3.6 4.0 4.8 4.0 4.0 3.9 4.8 
6 2.5 2.2 2.6 3.4 3.4 2.8 3.0 
1 5.1 4.6 4.3 4.4 5.2 4.3 4.7 
2 3.2 3.5 2.8 2.8 3.0 3.7 4.3 
3 5.0 2.7 4.1 4.7 4.3 4.4 4.5 
4 3.5 3.1 6.1 6.5 3.4 3.7 2.8 
5 4.2 4.2 4.7 4.3 3.7 4.5 3.9 
6 2.7 3.1 2.8 2.4 4.0 3.5 2.6 
4^ 2.8 2.1 2.3 6.1 3.6 2.7 2.9 
5^ 3.8 3.6 4.4 4.2 4.3 4.3 4.6 
6^ 3.6 3.6 2.0 4.9 4.8 4.7 4.8 
1 4.1 5.2 5.3 4.6 5.7 4.6 4.2 
2 3.6 4.6 3.3 4.0 4.2 5.0 4.5 
3 5.3 2.9 2.8 5.2 3.5 4.3 4.4 
4 3.2 2.6 2.5 5.5 2.9 3.1 3.0 
5 3.8 4.4 4.0 4.9 3.6 4.2 4.2 
6 2.8 2.3 2.1 3.0 3.0 2.4 2.4 
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Table 13. (Continued) 
Açgr. 
size Har-
lam. vest Grundy Marshall Webster Clinton Adair Edina Hayden 
Subsoils 
1 5.9 5.9 4.4 4.6 4.6 4.7 3.8 
2 6.2 5.1 3.9 4.6 3.7 4.9 4.6 
3 4.7 3.0 3.6 6.1 3.8 3.8 4.6 
4 3.0 2.2 2.3 4.4 4.1 2.4 3,2 
5 3.6 4.2 2.7 4.3 3.7 4.7 3.9 
6 2.7 2.3 2.6 3.4 2.8 2.4 3.0 
1 4.6 4.8 4.6 4.4 5.5 4.3 4,0 
2 3.9 4.1 3.4 3.5 3.7 4.3 4.2 
3 5.0 2.9 3.5 5.5 3.9 3.8 4.7 
4 3.4 2,5 3.4 5.7 3.6 2.9 3.4 
5 3.8 4.3 4.1 4.4 3.6 4.4 4.2 
6 2.8 2.4 2.6 3.2 3.3 2.9 2.6 
Total 23.5 21.0 21.6 36.7 23.6 22.6 23.1 
Table 14. Yield of K (mg. per pot) produced in the different 
harvests from the different aggregate sizes of the 
soils 
Aggr. 
size Har-
mtn. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
Surface soils 
1 123.0 78.5 61.9 39.0 26.6 30.2 66.5 
2 57.0 51.1 54.6 23.8 21.0 16.2 70.0 
3 48.9 35.4 29.8 22.8 18.7 11.5 81.0 
4 45.7 41.5 31.0 23.8 16.6 9.3 60.6 
5 46.3 57.0 35.1 50.3 39.3 31.5 61.5 
6 17.2 32.8 14.5 17.6 18.6 15.4 23.6 
1 116.2 77.7 81.3 39.5 29.5 30.4 65.6 
2 59.2 53.3 45.8 22.3 22.4 16.9 70.8 
3 54.8 37.5 26.7 20.6 17.6 12.7 79.0 
4 43.9 36.1 33.8 19.2 14.9 9,0 48.3 
5 52,1 67.6 50.7 5.0.4 41.0 26.0 61.0 
6 22.5 32.9 17.9 17.9 22.2 18.7 25.3 
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Table 14. (Continued) 
Aggr. 
size Har-
mm. vest Grundy Marshall Webster Clinton Adair Kenyon Luton 
Surface soils 
3-5 
2-3 
1-2 
Av. 
1 127.7 78.6 87.6 39.0 29.9 31.0 78.2 
2 74.4 51.2 49.0 23.3 22.3 18.4 72.2 
3 56.4 28.7 29.9 19.8 19.4 12.2 69.7 
4 56.8 33.3 37.3 16.1 15.4 8.6 18.7 
5 50.1 73.1 55.8 35.0 42.9 29.0 57.9 
6 18.6 36.5 23.5 18.8 20.1 15.2 31.8 
4a 59.9 41.1 61.2 22.1 45.8 13.3 55.9 
5^ 64.0 93.6 58.8 46.5 54.0 33.2 78.4 
6^ 25.5 39.9 33.3 24.8 36.9 17.2 24.3 
1 140.8 77.7 86.6 42.4 29.4 28.9 88.7 
2 74.4 57.5 51.2 24.1 22.3 17.3 99.1 
3 61.1 52.5 30.4 19.4 17.1 15.1 78.2 
4 42.0 31.6 36 .6 23.1 8.8 8.4 41.6 
5 48.0 64.0 49.5 50.2 34.9 25.1 70.7 
6 18.2 28.7 23.0 18.8 21.7 20.5 26.1 
1 158.8 98.5 89.0 42.5 30.8 25.9 98.3 
2 84.9 57.4 54.4 27.5 21.9 17.2 91.9 
3 56.8 34.4 33.1 18.8 14.9 34.1 76.8 
4 39.7 43.4 40.7 17.5 14.9 11.7 36.4 
5 40.9 85.3 50.6 43.9 36.2 29.3 70.7 
6 15.9 35.6 19.5 24.8 20.5 22.2 29.2 
1 133.3 82.2 81.3 39.7 - 29.2 29.3 79.5 
2 70.0 54.1 51.0 24.2 22.0 17.2 80.8 
3 55.6 37.7 30.0 21.3 17.5 17.1 76.9 
4 43.7 37.2 35.9 19.9 14.1 9.4 41.1 
5 47.5 69.4 48.3 46.0 38.9 28.2 64.4 
6 18.5 33.3 19.7 19.6 20.6 18.4 27.2 
Total 368.6 313.9 266.2 170.7 142.3 119.6 369.9 
Subsoils 
Grundy Marshall Webster Clinton Adair Edina Hayden 
> 9.0 1 30.4 44.0 43.2 23.2 24.5 24.2 23.6 
2 22.9 41.1 25.9 23.6 16.1 21.0 22.9 
3 16.7 26.8 14.1 18.6 12.1 15.9 13.0 
4 14.9 22.6 16.7 21.7 11.0 13.4 19.0 
5 22.2 52.9 32.8 29.3 26.6 26.7 24.2 
6 13.7 17.5 13.5 18.0 18.8 11.5 10.7 
K and P were added. as shown in Table 2. 
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Table 14. (Continued) 
Afgr. 
size Har-
mn. vest Grundy Marshall Webster Clinton Adair Edina Hayden 
5-9 
3-5 
2—3 
1-2 
Av. 
Subsoils 
Av, 
1 31.4 50.0 35.6 29.1 24.2 34.6 25.9 
2 19.5 40.9 25.7 19.5 15.8 25.1 24.9 
3 14.2 19.3 15.3 16.8 11.7 12.7 16.2 
4 16.2 20.4 15.1 24.1 11.3 11.6 15.4 
5 23.7 47.7 34.2 22.3 30.0 23.0 26.4 
6 9.6 22.5 13.4 17.4 17.2 14.7 14.3 
1 35.3 50.2 35.2 32.1 24.9 35.1 31.1 
2 20.0 33.8 26.9 30.3 14.4 19.8 25.8 
3 13.3 20.8 24.2 19.9 12.9 13.9 12.5 
4 16.1 26.9 27.6 23.9 11.1 17.1 15.1 
5 30.9 47.1 38.9 25.6 28.2 35.0 27.8 
6 11.3 26.6 24.3 10.9 17.7 15.4 15.4 
4a 24.0 25.2 26.3 52.0 22.8 24.6 23.0 
5® 43.1 66 .6 61.6 31.7 56.7 39.5 49.8 
6^ 20.0 29.9 20.7 27.1 32.3 20.6 34.4 
1 29.5 58.1 39.4 35.0 25.9 35.2 30.6 
2 20.2 40.7 28.0 30.5 14.5 23.0 25.8 
3 16.4 19.7 15.7 22.9 11.6 12.6 13.7 
4 14.8 18.7 17.0 28.0 10.1 16.6 15.7 
5 28.0 49.9 30.7 34.5 26.1 31.3 29.6 
6 11.6 20.0 13.2 16.9 15.5 11.6 13.1 
j 38.5 59.7 35.8 34.9 20.8 35.8 31.4 
2 23.6 44.6 30.4 27.2 15.3 23.8 25.7 
3 12.8 21.5 18.2 17.8 11.2 11.0 17.0 
4 15.2 21.2 14.2 31.6 14.2 11.1 15.2 
5 26.6 55.3 28.4 28.5 27.7 24.3 22.4 
6 12.7 23.0 16.5 15.3 16.6 16.1 13.4 
1 33.0 52.4 37.8 30.9 24.1 35.0 28.5 
2 21.2 40.2 27.4 26.2 15.2 22.5 25.0 
3 14.7 21.6 17.5 19.2 11.9 13.2 14.5 
4 15.4 22.0 18.1 25.9 11.5 14.0 16.1 
5 26.3 50.6 33.0 28.0 27.5 28.1 26.1 
6 11.8 21.9 16.2 15.7 17.2 13.9 13.4 
122.4 208.7 150.0 145.9 107.4 126.7 123.6 
